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LIPFANOGENS (SO DESIGNATED BY THE AU- 
THORS) ARE PRESENT IN BLOOD SERUM, 
AND ARE BELIEVED TO BE INVOLVED IN THE 
DEPOSITION OF FAT IN ATHEROSCLEROSIS. 
AN IMPORTANT FACTOR IN THE REDUCTION 
OR PREVENTION OF FAT DEPOSITION IS THE 
ANTILIPFANOGEN ALSO PRESENT IN BLOOD 
SERUM. THIS AGENT OPPOSES THE ACTION 
OF THE LIPFANOGENS IN THE FORMATION OF 
FAT GRANULES. Dr. Simms, Dr. PARSHLEY, 
AND Mrs. PITT HAVE DEVISED METHODS 
FOR QUANTITATIVE DETERMINATION OF LIP- 
FANOGENS AND ANTILIPFANOGEN BY USE 
OF SPECIALLY PREPARED TISSUE CULTURES 
OF ADULT FIBROBLASTS FREE FROM FAT 
GRANULES. THIS PAPER DESCRIBES CUR- 
RENT METHODS OF PREPARATION, PURIFICA- 
TION, AND PROPERTIES OF LIPFANOGENS 
AND ANTILIPFANOGEN. 


tS mechanism of fat deposition is of 
particular importance because of the 
deposition which occurs in arteries in 
atherosclerosis. The presence of fat is a 
common characteristic of intimal sclerotic 
plaques, especially in early lesions of 
atherosclerosis. 

It has been previously shown (1, 2) that 
blood plasma contains a material (formerly 
called the ‘““B Factor’) which causes the 
formation of intracellular fat granules in 
tissue cultures, and which also produces 
fat deposition in segments of adult arteries 


in vitro. This material consists of soluble 
lipoid substances which are taken up by 
cells and are converted into visible fat—a 
process known as fat phanerosis. In this 
paper these substances will be called “‘lip- 
fanogens’’—from lipos, meaning fat, and 
phaneros, meaning visible. 

It was demonstrated (3) that when seg- 
ments of adult chicken innominate arteries 
were incubated in the presence of lipfano- 
gens, fat droplets were formed in the intima 
and inner media in a manner identical with 
that found in spontaneous atherosclerosis 
in this species. Human splenic arteries, on 
incubation with lipfanogens, developed 
small fat deposits in the intima. These de- 
posits formed in arteries in vitro seemed to 
be mainly extracellular—but the droplets 
may have been formed inside the cells and 
then extruded. 

It has also been shown that blood plasma 
contains an agent which opposes fat 
phanerosis. This agent was previously 
called the ‘“‘Anti-B Factor,” but will be 
referred to in this paper as ‘‘antilipfano- 
gen.””! 


1 It is suggested that the word “lipfanogen’’ be 
pronounced with a short “‘i’’ and that the accent 
be placed on the second syllable (lip-fan’-d-gén). 
In this paper the word lipfanogen is used to indi- 
cate any one of a group of substances which can 
be taken up by living animal cells and converted 
into visible fat. The plural is lipfanogens, but the 
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Tissue cultures of many adult cells, par- 
ticularly fibroblasts from chickens, tend to 
become filled with fat granules. However, a 
method has been devised which enables us 
to grow cultures of adult fibroblasts free 
from fat granules. This is possible only 


singular may be used collectively, for example, “the 
lipfanogen content of a sample of serum.” The ad- 
jective is lipfanogenic. 

The word “‘antilipfanogen’’ is used in reference 
to an agent which is found in blood serum and 
which reduces the amount of visible fat produced in 
animal cells in the presence of lipfanogens. 


SIMMS, PARSHLEY, AND PITT 


when the medium is free from lipfanogens. 
When such nongranular cultures are 
treated with whole adult serum, or with 
lipfanogens from any other source, the 
cultures quickly become granular. If anti- 
lipfanogen is also present, the formation 
of fat granules is appreciably less than when 
antilipfanogen is absent. 
The purpose of this paper is to present 
the latest information concerning the prep- 
aration and properties of these substances. 


AGENTS WHICH CONTROL 
Fat PHANEROSIS 


Lipfanogens.—If a sample of serum is 
heated at 100 C. for ten minutes (after 
having been diluted as described under 
Methods) and is then placed on a non- 
granular culture of adult chicken aorta 
fibroblasts, the culture soon becomes granu- 
lar. At the end of twenty-four hours the 
granules are very conspicuous. In forty- 
eight hours the cells in the culture are usu- 
ally loaded with fat granules. This action 
is caused by the lipfanogens which are 
present in adult serum. These lipfanogens 
consist of a number of soluble lipoid sub- 
stances which are taken up by living adult 
cells and are converted into visible fat 
granules. Evidence that the liprfanogens are 
taken up by the cells and are converted 
into fat granules has been obtained by 
determining the solubility of fat granules 
produced by different lipfanogens. Granu- 
lar cultures were treated with progressively 
increasing concentrations of alcohol start- 
ing with 60 per cent, then 623 per cent, then 
65 per cent, until a concentration was 
found which dissolved out the fat granules. 

When fat granules were produced by 
soaps of the fatty acids listed in table 1, 
it was found that the longer chain and 
the more saturated fatty acids produced 
fat granules which were less soluble than 
those produced by the shorter chain or 
more unsaturated acids. Fat granules pro- 
duced by different samples of serum were 
found to vary in their solubility and were 
found to dissolve over a wider range of 
alcohol concentrations than granules pro- 
duced by soaps of pure fatty acids. 
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A number of known substances have 
been tested for their lipfanogenic activity 
and the results are shown in table 1. It will 
be noted that the soaps of saturated fatty 
acids show increasing activity with de- 
creasing molecular size. However, the more 
active soaps are also more toxic. The sub- 
stancesof known composition which showed 
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heated at 100 C. They can be partly, but 
not completely, extracted by organic sol- 
vents. 

Antilipfanogen.—If a sample of unheated 
serum is placed on a nongranular culture 
of adult chicken aorta fibroblasts the cells 
may form fat granules, but the extent of 
this fat granule formation is appreciably 


TABLE 1. LIPFANOGENIC ACTIVITY OF Soaps, Liporips, AND OTHER SUBSTANCES 


Lipfanogenic Conc. Toxic 
Substance Activity Tested Cone. 
Soaps of saturated fatty acids: 
Sodium Stearate (Cis) 1 0.05mM. Not toxic 
Sodium Palmitate (Cis) 2 0.05mM Not toxic 
Sodium Myristate (Cu) 8 0.1 mM. ? 
Sodium Laurate (C2) 16 0.1 mM 0.1mM. 
Soaps of unsaturated fatty acids: 
Sodium Oleate (Cis) 63 0.03mM.* 0.5mM 
Sodium Hendecenoate (Cu) 0 0.1 mM. Not toxic 
Linseed oil unsaturated acids 2 0.1 mM 0.5mM 
Esters: 
Mono Glyceryl Oleate 32 0.3 mM. 0.3mM 
Methy] Oleate 2 1.0 mM. 1.0mM 
Methy] Ricinoleate 8 0.3 mM. 1.0mM 
Ethy] esters of linseed oil unsaturated acids 0? 0.1 mM. 0.5mM 
. Other substances: 
Cetyl alcohol (Cis) 0 0.1 mM. ? 
Crude and purified Lecithin and Cephalin 1 to 16? Toxic 
Choline 0 7.5 mM. 15mM 
Glycerin 0 5 mM. 10mM 
Sodium Glycocholate 2? 1.5 mM. 1.5mM 
Sodium Taurocholate 0 1.5mM 


* Sodium Oleate is active from 0.5mM.., where it is toxic, down to 0.003mM. (one part by weight in a 


million). 


The fat rating R is observed through the microscope and is based on an arbitrary scale from 1 to 9. 
The lipfanogenic activity L is calculated by the equation (3). 


the greatest activity were sodium oleate 
and mono-glyceryl oleate. All preparations 
of lecithin and cephalin which were tested 
were so toxic that the tests were unsatis- 
factory. 

The lipfanogens which occur in adult 
blood plasma may include some of the sub- 
stances contained in table 1, but none of 
these substances has, by itself, enough ac- 
tivity to account for all the lipfanogenic 
activity of serum. As pointed out previ- 
ously, lipfanogens are not destroyed when 


less than that produced by another sample 
of the same serum which has been heated 
at 100 C. Both these portions contain the 
same amount of lipfanogens, but the un- 
heated portion also contains antilipfano- 
gen, and it is this that reduces the forma- 
tion of fat granules. Antilipfanogen is of 
particular interest since it is thought to 
play a role in restricting fat deposition in 
atherosclerosis. 

Antilipfanogen will withstand heating at 
60 C. for one half hour for the purpose of 
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sterilization but it is largely destroyed at 
80 C. and completely at 100 C. This differ- 
ence in stability gives us a method for 
determining the amounts of lipfanogens 
and of antilipfanogen in a sample of serum. 

Unlike lipfanogens, which are present in 
practically all tissues, the antilipfanogen is 
found in appreciable amounts only in blood 
plasma or serum. Many tissue extracts 
have been tested, but the amount of anti- 
lipfanogenic activity observed in these 
whole extracts was negligible, except in the 
case of leukocytes wkere a smallactivity was 
found. However, by fractionating extracts 
from the pancreas and kidney, a small 
- antilipfanogenic activity was detected. In 
the case of the chicken pancreas the 
apparent activity cannot be ascribed to 
intravascular material since this organ con- 
tains little blood. 

Precursor and Enzyme.—Blood serum 
also contains a material which, on incu- 
bating at 37 C. for two or three days, is 
converted into additional lipfanogen. This 
material is referred to as the “precursor.” 
There is presumably an enzyme which con- 
verts precursor into lipfanogens at 37 C. 
The amount of precursor in a given sample 
of serum can be determined by incubating 
a portion of that serum at 37 C. for two or 
three days, and then heating at 100 C. The 
difference in the amount of visible fat pro- 
duced by this portion, as compared with 
the portion which was heated immediately 
at 100 C. , indicates the amount of precur- 
sor which was present. The heating at 
100 C. presumably kills an enzyme which 
converts precursor into lipfanogen. 

Species Differences.—There appear to be 
some species difference in the amount of 
lipfanogens and of antilipfanogen in the 
blood serum. There are very marked species 
differences in the tendency of adult cells to 
produce fat granules. Adult chicken fibro- 
blasts, for example, form fat granules to a 
much greater extent than adult human 
fibroblasts. 


METHODS 
Methods of Preparation of Antilipfano- 
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gen.—Since blood plasma or serum is, at 
present, our only good source of antilipfan- 
ogen, attempts have been made to isolate 
antilipfanogen by fractionating blood se- 
rum. We have found that the antilipfano- 
genic activity occurs almost exclusively in 
the albumin fraction. 

One procedure which gave us fairly active 
material involved ammonium sulfate 
fractionation: ox serum residue (from 
serum ultrafiltration) was diluted to its 
original volume with water. For each 100 
ml. of this serum, 25 gm. of ammonium 
sulfate was added. The solution was chilled 
to 4 C., then 1 ml. of glacial acetic acid 
was added, bringing the pH to 5.0. After 
standing at 4 C. the globulin precipitate 
which had formed was filtered off at 4 C. 
The filtrate was then warmed to 40 C., 
causing the formation of a precipitate 
which was easily removed by centrifuging 
and which contained most of the activity 
of the original serum. This was then re- 
fractionated in a similar manner, giving a 
product which contained only 2.1 ug. nitro- 
genperunit of antilipfanogenic activity. The 
original serum contained about 15 micro- 
grams nitrogen per unit of activity. 

The number of units A of antilipfano- 
genic activity is computed by equation (5) 
from the lipfanogenic activity L of the 
heated (100 C.) portion, and L, of the un- 
heated portion. In each test, the 1.0 ml. 
which is placed on each tissue culture con- 
tains material from 0.25 ml. of original se- 
rum. The nitrogen content of the material 
in mg. per 100 ml., may be converted into 
micrograms per 0.25 ml. by multiplying by 
2.5; and this value divided by the units of 
activity gives the number of micrograms 
per unit of activity. 

Before each fraction was tested, it was 
dialyzed in a rocking dialyzer (4); con- 
centrated by being placed under pressure 
in the collodion bag; then treated with con- 
centrated physiologic mother solutions and 
next sterilized by heating at 60 C.; then fi- 
nally diluted with serum ultrafiltrate, as 
discussed under Methods of Testing. Two 
mother solutions are added to give a bal- 
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anced salt composition like that in our ‘*X6” 
physiologic solution. These solutions are 20 
times as concentrated as the final dilution. 
Their composition is given in table 6 of 
the paper listed under reference (2). 
Another procedure was based on Cohn’s 
method for the preparation of his Fraction 
V, and involved alcoholic fractionation at 
low temperatures. Sterile horse or human 
serum (without preservative) was cooled 
to below 0 C. and was maintained between 
0 C. and —5 C. throughout subsequent 
manipulations. Salt concentrations were 
kept as low as practicable, namely, at an 
ionic concentration of less than 0.2 Molar. 
Fifty-three per cent ethyl alcohol was 
added to the serum at pH 7 until the alco- 
hol concentration was 25 per cent. This 
caused the precipitation of the §-and y- 
globulins. This precipitate was removed by 
filtration and the solution was then brought 
to pH 5.8 by the addition of acetate buffer 
having a pH of 4.0: Alcohol was added to 
raise the concentration to 40 per cent, and 
the a-globulins which separated were re- 
moved by filtration. The pH was then low- 
ered to 4.8 by means of additional acetate 
buffer. This caused the precipitation of 
relatively pure albumin, approximately 
equivalent to Cohn’s Fraction V. After 
filtration the wet precipitate was dissolved 
in about ten volumes of ice water. The solu- 
tion was then prepared for testing as will 
be described later. Tests on this material 
showed that it had not lost any of its anti- 
lipfanogenic activity as compared on a 
volume basis with the original serum. On a 
dry weight basis it was considerably more 
active than the original serum. Further- 
more, it had lost an appreciable proportion 
of lipfanogens so that the ratio of antilip- 
fanogen to lipfanogens was increased. 
Various samples of human and bovine 
albumin fractions, kindly furnished us by 
the laboratories of Dr. Edwin J. Cohn of 
Harvard,’ and by the Armour laboratories, 
have also contained appreciable concentra- 


* These materials were prepared under contract 
with the Office of Scientific Research and Develop- 
ment. 


209 


tions of antilipfanogen. These fractions 
were prepared according to Cohn’s proce- 
dure for producing his Fraction V. Several 
samples of Fraction V from human serum 
had an antilipfanogenic activity approxi- 
mately the same as that of the albumin 
obtained from ox serum by our ammonium 
sulfate method of fractionation given pre- 
viously. The various batches of human al- 
bumin differed from each other in activity. 

Unfortunately, all these preparations of 
albumin contain appreciable amounts of 
lipfanogens in addition to the antilipfano- 
gen. We have succeeded in reducing the 
content of lipfanogens, but not in elimi- 
nating them. We wish to obtain the antilip- 
fanogen practically free from lipfanogens so 
that it can be used in animal experiments. 

The presence of toxic materials in some 
of the protein fractions has tended to inter- 
fere with our tissue culture tests. 

Method of Testing Whole Serum.—The 
following procedure is used when a sample 
of whole serum is to be tested for its ac- 
tivity in regard to lipfanogens, antilipfano- 
gen, and precursor: a measured amount of 
the sterile serum (preferably 1.71 ml.) is 
diluted with 6.3 parts of sterile water (10.8 
ml.). This is then divided into three equal 
portions (4.17 ml. each) which are desig- 
nated a, b, and c. Portion a is heated at 
100 C. for ten minutes, thereby destroying 
the antilipfanogen, but not the lipfanogens 
(heating also destroys the enzyme which 
converts precursor into lipfanogens). 
Portion 6 is left unheated and contains 
antilipfanogen along with lipfanogens, and 
also precursor and enzyme. Portion c is 
first incubated at 37 C. for two days in 
order to convert precursor into lipfanogens, 
and is then heated at 100 C. for ten minutes 
to kill the enzyme—the antilipfanogen is 
also killed at the same time. Then, the three 
portions are made isotonic by the addition 
of the necessary volume (0.20 ml.) of each 
of the two 20 to 1 concentrated physiologic 
mother solutions, thereby bringing the con- 
centration of serum to }. 

In brief, the characteristics of the three 
portions are as follows: 
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Lip- 
Portion Treatment Constituents fanogenic 
Activity 
a 100 C Lipfanogens L 
b Unheated Lipfanogens + Antilipfanogen Precursor and Enzyme) La 
c 37 C., then 100 C. Lipfanogens + Additional Lipfanogens produced from Pre- 
cursor by incubation in presence of Enzyme Lp 


In testing each of the portions, 1.0 ml. 
is placed on a nongranular culture of adult 
chicken aorta fibroblasts, and the amount 
of visible fat produced in each culture is 
estimated after two days’ incubation at 
37 C. The fat granule rating R is estimated 
on an arbitrary scale from 1 to 9 and is con- 
verted into lipfanogenic activity L by means 
of equation (3). The amounts of the active 
constituents are estimated as follows: 

Lipfanogenic Activity L =activity of por- 
tion a. 

Antilipfanogenic Activity A is computed 
from activities of portion a and of portion 
b by means of equation (5). 

Precursor Content Lp—L= activity 
of portion c minus that of portion a. 

Metheds of Testing Serum Protein Frac- 
tions.—When a sample of a serum protein 
fraction is to be tested for antilipfanogen 
(and for lipfanogens) the procedure differs 
somewhat from that given above for whole 
serum. When the content of lipfanogens is 
low, it is desirable to introduce additional 
lipfanogens so that the concentration of 
antilipfanogen can be properly evaluated. 
This is done by adding a small amount of 
whole chicken serum which has been heated 
at 100 C. for ten minutes, after dilution with 
three parts of X6 physiologic solution. This 
material is referred to as “100° Serum.” 

If the protein fraction to be tested is in 


should be dialyzed out, the solution is 
placed in collodion membrane and di- 
alyzed against running water in a rocking 
dialyzer (4) then concentrated under pres- 
sure until the volume is less than } the vol- 
ume of the serum from which the fraction 
was derived. The two X6 mother solutions 
(2) are then added, plus water, to give a 
volume usually equal to } that of the origi- 
nal serum. This solution is then sterilized 
either by heating at 60 C for half an hour, 
or by filtering through a fritted glass filter. 
However, recent tests indicate that part of 
the antilipfanogen may be lost by filtration. 

A portion of this so‘ution is then diluted 
with “UF/3” (Serum ultrafiltrate with 
two parts of X6 solution) until the con- 
centration is 1/3.2 relative to the original 
serum. As an example of this dilution, 0.6 
ml. of 5/1 serum protein fraction solution 
is treated with 9.0 ml. of diluted ultra- 
filtrate to give 9.6 ml. with a concentration 
of 1/3.2. This solution is then divided into 
two portions. One portion (a) is heated at 
100 C. for ten minutes to destroy the anti- 
lipfanogen. The other portion (}) is un- 
heated. 

Of each fraction 0.8 ml. is placed on a 
nongranular tissue culture together with 
0.2 ml. of UF /3 or of ‘100° Serum.” The 
final concentration relative to the original 
serum is therefore }. These tests are sum- 


solution, and if it contains material which marized in the following table: 
Constituents Designation 
0.8 mi. of a (peetion booted at 300 C.) +0.2 ml. UF/3 au 
0.8 ml. of a +0.2 ml. 100° Serum as 
0.8 ml. of portion 0.2 ml. UF/3 bu 
0.8 ml. of 6 +0.2 ml. 100° Serum bs 
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A control culture is treated with 1.0 ml. 
of UF/3, and another control culture is 
treated with 0.8 ml. of UF/3 plus 0.2 ml. 
of ‘100° Serum.” 

The amount of visible fat produced in 
each culture is estimated after two days’ 
incubation at 37 C. The fat ratings are 
converted into units of lipfanogenic activity 
by means of equation (3). The amounts of 
lipfanogen and antilipfanogen are evalu- 
ated as follows: 

Lipfanogen L =Lipfanogenic activity of 

portion au. 

Antilipfanogen A is computed by equation 

(5) either from: 

Lipfanogenic activity L of portion 
au and activity Ls 
of portion bu. 

activity L of portion 
as and activity Ls 
of portion bs. 

When the protein fraction is in solid form 
it is made up to a concentration of 0.5 per 
cent in UF/3 (diluted ultrafiltrate). The 
solution is then sterilized, divided into two 
portions, and tested as indicated before. 
The concentration of the solution on the 
culture is equal to 0.4 per cent. This would 
correspond with testing, by the foregoing 
procedure, a serum protein fraction solu- 
tion containing protein equal to 1.6 per cent 
of the original serum. 

Method of Preparation of Nongranular 
Tissue Cultures.—In order to test the lip- 
fanogen and the antilipfanogen content of 
various materials we prepare nongranular 
cultures of adult chicken aorta fibroblasts. 
These cultures are prepared essentially 
according to the method previously de- 
scribed (2). The inner half of the adult 
chicken aorta is cut into 0.6 mm. cubes 
which are planted, 4 pieces to a flask, (in 
30 mm. Carrel flasks) in about 0.05 ml. 
of chicken plasma (diluted with 2 parts of 
X6 physiologic solution which has been 
spread over the bottom of the flask. The 
flasks are closed with rubber stoppers and 
allowed to stand until the plasma has 
clotted. Then 0.9 ml. of a fluid medium is 
added to each culture by means of a glass 


or from: 


dispensing pump (2). The cultures are ad- 
justed to pH 7.4 with 4 per cent CO, in air 
and are placed at 37 C. 

One fluid medium used for this purpose 
consists of 1 part chicken serum, 2 parts ox 
or horse serum ultrafiltrate, plus 5 parts 
X6 physiologic solution. It will be noted 
that this medium contains serum in a 
dilution of 1 part in 8, and therefore con- 
tains a considerable amount of lipfanogens 
which tend to produce fat granules in the 
cultures. The serum is present in order to 
stimulate cell growth. 

Another fluid medium which contains 
only 1 part in 10 of serum, and which also 
contains egg white, has been found to give 
satisfactory results. This consists of 2 parts 
chicken serum, 1 part fresh sterile egg 
white, and 17 parts of serum ultrafiltrate 
(diluted with 2 parts of X6 solution). Egg 
white is, in itself, stimulating for the growth 
of adult fibroblasts and contains no lip- 
fanogen. Although in some cases satisfac- 
tory growth has been obtained with the 
use of egg white diluted with serum ultra- 
filtrate alone, in most cases the results were 
inferior to those when serum was included 
in the medium. 

After two or three days of incubation, 
fibroblasts begin to grow out from the 
explant. When the new growth consists of 
30 to 80 cells, usually after four days, the 
serum medium is washed out of the cultures 
and is replaced by diluted serum ultrafil- 
trate, which contains no lipfanogens. The 
old medium is removed by suction through 
a hypodermic needle. The flask is rinsed 
with about 0.6 ml. of diluted serum ultra- 
filtrate, which is drawn off immediately and 
replaced with 0.9 ml. of the diluted ultra- 
filtrate. The pH is adjusted to 7.8 with 3 
per cent CO, in air, and the cultures are 
returned to the incubator. After six hours 
the cultures are rinsed and washed again 
in the same way. Occasionally the out- 
growth of fibroblasts is completely free 
from fat granules twenty-four hours later. 
If not, the cultures are washed a third time 
with serum ultrafiltrate. When the cells are 
clear, the cultures are ready for use in test- 
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ing the activity of preparations of lipfano- 
gen and antilipfanogen. 


MECHANICS OF LIPFANOGEN AND 
ANTILIPFANOGENIC ACTION 


Volume of Fat Deposited——When non- 
granular cultures of adult chicken aorta 
fibroblasts are treated with a solution con- 
taining lipfanogens, the cells convert the 
lipfanogens into fat granules. The extent 
of this fat granule formation is dependent 
upon the concentration of lipfanogens 
present. We use an arbitrary scale for rating 

TABLE 2. VOLUME OF FaT IN CELL—aAT 


DIFFERENT Fat Ratincs* ADULT CHICKEN 
AORTA FIBROBLASTS 


granular culture having a rating of 9, the 
volume of fat has been computed to be 
2,500 cu. uw. It has been found that our ar- 
bitrary scale of rating (from 1 to 9) varies 
approximately in proportion to the log- 
arithm of the fat volume. Thus, a rating of 
2 represents 23 times as much fat as a rating 
of 1; a rating of 3 represents 2} times as 
much fat as a rating of 2, etc. 

The effect of increasing concentrations of 
lipfanogens is shown in table 3 and in fig- 
ure 1, where it will be seen that the total 
volume of visible fat in an average cell is 


TABLE 3. LIPFANOGENIC TITRATION—IN 
THE ABSENCE OF ANTILIPFANOGEN 


Arbitrary Fat Computed Fat 
Rating, R Volume, Vr 
1 1.6 cu. u 
2 4 cu.p 
3 10 
4 25 
5 63 cu.u 
6 160 cu.u 
400 
8 1000 cu.u 
9 2500 cu. 


Usual Range of fat granule diameters: 1 to 6u 
Usual Range of fat granule numbers: 1 to 140 
granules 

Volume of nongranular cytoplasm: 2,700 cu. u 
Volume of nongranular cell: 3,500 cu. yu 

* The volume of fat Vr is related to the fat rating 
R by the equation: 

1.58V =10°42 (1) 


the extent of fat granule formation. This 
scale ranges from 1 to 9 and is judged by 
visual observation of the cells under a 
microscope. A rating of 1 indicates a 
barely detectable formation of a few fat 
granules. A rating of 9 represents the maxi- 
mum fat formation obtainable, whereas a 
rating of 5, for example, represents a mod- 
erate extent of fat granule formation. 
The fat granules vary in diameter from 
1yto 6 yu. With increasing volume of fat 
deposited, the size and number of granules 
may increase. Sometimes as many as 140 
granules may be observed in a single cell. 


As is shown in table 2, in an extremely 


Vi Fat 

Volume of rating Computed 

lipfanogen after 24 Fat Volume 

solution* hours (see table 2) 
1.0 7.5 630 cu. » per cell 
0.8 7 400 cu. » per cell 
0.4 6 160 cu. » per cell 
0.2 5 63 cu. » per cell 
0.1 4 25 cu. » per cell 
0.05 3 10 cu. y per cell 
0.025 2 4 cu. u per cell 


* This solution consisted of diluted serum which 
had been heated at 100 C. to destroy the anti- 
lipfanogen. Each portion was made up to 1.0 ml. 
with UF/3 (ultrafiltrate diluted with physiologic 
solution). 


approximately proportional to the concen- 
tration of lipfanogens in the medium. The 
equation which fits these data is : 


Vr =(V1)**- Ry (2) 


where Vr is the volume of fat in an average 
cell and V, is the volume of standard 
lipfanogen solution. It will be noted that 
doubling the concentration of lipfanogens 
causes one unit increase in fat rating. 

These results were obtained by treating 
a series of nongranular cultures with media 
containing various concentrations of lip- 
fanogens. Diluted chicken serum which had 
been heated at 100 C. was used as a source 
of lipfanogens. The different amounts of 
this solution were diluted to a final volume 
of 1.0 ml. 
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From equations (1) and (2), we obtain 
the following equation for computing the 
lipfanogenic activity L, under standard con- 
ditions. The constant (0.5) was chosen to 
give values in a convenient range: 


L =0.5-10°:3, (3) 


The effect of adding increasing amounts 
of antilipfanogen is shown in figure 2. 
Here the amount of lipfanogens is constant 
but the concentration of antilipfanogen was 
varied. This was done by mixing different 
proportions of unheated serum and of 
serum which had been heated at 100 C. 
These mixtures were placed in equal 
amounts on nongranular cultures. 

The data from which the upper curve 
of figure 2 was plotted are given in table 4. 
It will be seen that the relationship of the 


| amounts of the lipfanogens and of the 


antilipfanogen is expressed by the follow- 

ing equations: 

[qVa —(L—La))[La] 
[L—La] 


he (4) 


4 {Free antilipfanogen] [Free lipfanogens] (4A) 
[Lipfanogen-Antilipfanogen complex] 


© 400-— 
8 
300-— 2 
ty 
2 
& —6 
LIPFANOGEN ADDED 
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OF ANTI-LIPFANOGEN 
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Fic. 1. Effect of increasing concentrations of 
lipfanogens on the volume of visible fat pro- 
duced. 
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Where k: is a constant for the dissociation 
of antilipfanogen-lipfanogen complex. q 
is a constant which adjusts the concen- 
tration of the antilipfanogen so that it is 
equivalent to that of the lipfanogens, 
the actual molecular concentrations 
being unknown. 

V. is the volume of antilipfanogen solu- 
tion made up to 1.0 ml. 

Lis the lipfanogenic activity of the heated 
lipfanogen solution containing no antilip- 
fanogen. 

L, is the lipfanogenic activity of the solu- 
tions containing antilipfanogen in ad- 
dition to the lipfanogen. This, therefore, 
represents the portion of the lipfanogen 
which is active. 

(L—L4) equals the inactive lipfanogen 
and represents the portion which is in- 
activated by combining with antilip- 

fanogen. 

represents the free 
portion of antilipfanogen, namely that 
which is not combined with lipfanogen. 
Equations (4) and (4A) suggest that the 
action of antilipfanogen in reducing fat dep- 

osition results from the formation of a 

complex between antilipfanogen and the 
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Fic. 2. Effect on fat granule formation of increas- 
ing concentrations of antilipfanogen in media con- 
taining constant amounts of lipfanogens. 
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lipfanogens. Such a complex might fail to 
enter the cells or it might be metabolized by 
the cells. The formation of this complex fol- 
lows the mass action law as expressed in 
equations (4) and (4A). 

Hence we are able to compute the anti- 
lipfanogenic activity A of a solution by 
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In the presence of lipfanogens, the degree 
of fat granule formation is influenced by 
the pH of the tissue culture medium. At 
high pH there is less fat granule formation 
than at low pH (within the normal pH 
range for tissue culture maintenance, 
namely from pH 6.9 to pH 7.8). For this 


TABLE 4. ANTILIPFANOGEN TITRATION—WITH CONSTANT LIPFANOGEN 


Va R —(L —La)] (La) 
Volume of solution Fat Lipfanogenic 7 [ZL —La] 
Granule Activity} where g = 188 
Antilipfanogen* Rating end 
0.8 2 2 2.9 
0.7 2.5 2.7 3.2 
0.6 3 4 3.6 
0.5 3.5 5 
0.4 4 8 
0.3 5 16 3.2 
0.2 6 32 (6.3) 
0.1 6.5 44.5 (0.7) 
0 7 638 = L 
Mean of significant values: ke = 3.1 


* Each portion of this unheated solution was made up to 0.80 ml. with some of the same solution previ- 
ously heated at 100 C. to destroy the antilipfanogen. Then 0.20 ml. of another solution (100° Serum) 
containing lipfanogens was added, thus bringing the volume to 1.0 ml. This was placed on a nongranular 
culture of adult chicken aorta fibroblasts and the extent of fat granule formation after 48 hours was re- 


corded. 
¢t Computed by Equation (3). 


means of the following equation (where A 

is defined as equal to gq V): 
A=(L-L) (1+#) (5) 

A 

where k, is equal to 3.1 under the con- 
ditions of the data in table 4. It will be 
shown in a subsequent paper that the value 
of k, is different for different samples of se- 
rum. Hence equation (5) gives only an 
approximate value of A. In order to com- 
pute an accurate value of A it is necessary 
to determine L, at two concentrations of 
antilipfanogen and insert these values in a 
more complicated equation. When L, is 
large, A is approximately equal to (L —L4). 
Effect of pH on Lipfanogenic Action.— 


reason a high pH is used when we are 
attempting to prepare nongranular cul- 
tures, and a lower pH is used in testing 
for lipfanogenic activity. 

Discussion of Lipfanogenic and Antilip- 
fanogenic Action.—With our present infor- 
mation we do not know whether the for- 
mation of fat granules (fat phanerosis) 
results from the failure of cells to exclude 
the lipfanogens from entrance into the cell, 
or whether it results from a failure to 
metabolize materials which are normally 
taken up by the cells and are utilized. 

Correspondingly, we do not know 
whether antilipfanogen serves to prevent 
the entrance of lipfanogens into the cells, 
or whether it serves to aid the cells in the 
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metabolism of lipfanogens. The present 
evidence indicates merely that antilipfano- 
gen does form a complex with the lipfano- 
gens and that its action is dependent upon 
this complex formation. 

Furthermore, we do not know whether 
antilipfanogen is an impurity in serum 
albumin or whether the albumin itself con- 
stitutes the antilipfanogen. For the present, 
we are working on the assumption that 
antilipfanogen is an agent which occurs as 
an impurity in serum albumin. 

Effect of Diabetes and of Thyroid Ther- 
apy.—Preliminary observations indicate 
that diabetic serum is high in lipfanogens 
and may be low in antilipfanogen. The 
ratio of antilipfanogen to lipfanogens ap- 
pears, therefore, to be below normal. This 
is in agreement with the observation that 
arteriosclerosis is particularly severe in 
diabetics. Further data will be needed 
before definite conclusions can be drawn. 
We are continuing these studies. 

Other preliminary observations have 
been made on the effect of thyro:d therapy. 
There appears to be a rapid increase in 
antilipfanogenic activity of serum im- 
mediately after treatment with dried thy- 
roid by mouth. This is in agreement with 
observations by others that thyroid treat- 
ment reduces the sclerotic lesions in 
cholesterol-fed rabbits (5, 6), and that 
thiouracil aids in the development of 
atherosclerosis in cholesterol-fed dogs (7). 


SUMMARY 


Blood serum contains a group of sub- 
stances which are taken up by adult ani- 
mal cells in tissue culture and are converted 
into visible fat granules. These are called 
“lipfanogens” (and were formerly referred 
to as the ‘“‘B Factor’). A number of sub- 
stances of known composition, particularly 
soaps of long-chain fatty acids, as well as 
mono-glyceryl oleate, are found to act as 
lipfanogens. Tests on phospholipoids were 
unsatisfactory owing to toxicity. The 
activity of lipfanogens is not destroyed by 
heating at 100 C. Lipfanogens also occur 
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in most adult animal tissues. Lipfanogenic 
activity is tested by placing test solutions 
on nongranular cultures of adult chicken 
aorta fibroblasts. 

Lipfanogens are thought to play a role 
in the deposition of fat in atherosclerosis. 

An agent which opposes the formation 
of fat granules in the presence of lipfano- 
gens is also found in blood serum. This 
agent is called ‘‘antilipfanogen” (and was 
formerly referred to as ‘“‘Anti-B Factor’). 
Antilipfanogen is inactivated by heating 
at 100 C. This difference in stability makes 
it possible to determine the relative 
amounts of these agents in a sample of 
serum. 

Antilipfanogen is found in serum albu- 
min fractions prepared by different pro- 
cedures. Attempts are being made to purify 
antilipfanogen until it is free from lipfano- 
gens. 

Evidence indicates that antilipfanogen 
combines with lipfanogens in such a way as 
to interfere with the formation of fat 
granules. We do not yet know whether this 
action prevents the entrance of lipfanogens 
into the cell or whether it aids the metabo- 
lism of lipfanogens. 

Blood serum also contains a precursor 
which in the presence of an enzyme is con- 
verted at 37 C. into additional lipfanogens. 
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Biologic Versus Chronologic Age 


HARRY BENJAMIN 


THERE IS A SHARP DISTINCTION BETWEEN 
BIOLOGIC AND CHRONOLOGIC AGE. ONE 
MAN MAY BE SIXTY YEARS OLD, ANOTHER 
MAY BE SIXTY YEARS YOUNG. CHRONOLOGIC 
AGE IS FIXED, BUT BIOLOGIC AGE VARIES 
AND IS DIFFICULT TO ASCERTAIN. BEARING 
IN MIND THE FACT THAT THE VARIOUS OR- 
GANS OF THE BODY DO NOT AGE SIMULTANE- 
OUSLY, THE DIFFICULTY OF DEFINING WHAT 
IS NORMAL, AND THE DIFFERENCES BETWEEN 
INDIVIDUAL INTERPRETATIONS OF TESTS, 
IT BECOMES APPARENT THAT THERE IS A 
REAL NEED FOR A CLEAR-CUT DEFINITION OF 
BIOLOGIC AGE. Dr. BENJAMIN HAS PLANNED 
A HEALTH INVENTORY FOR BIOLOGIC AGE 
ESTIMATION IN ORDER TO ENCOURAGE 
THINKING ABOUT THE ROLE BIOLOGIC AGE 
PLAYS IN HELPING TO PROVIDE AN OPTI- 
MUM LIFE. 


Ou of the outstanding problems of our 
days is that of old age in its varied im- 
plications and perplexities. The ever grow- 
ing number of aging and aged people per- 
turbs the minds of sociologists, biologists, 
psychologists, and physicians to an in- 
creasing extent. While the life span of the 
individual has not increased and is still 
about the biblical three score and ten, in- 
finitely more people are now reaching such 
“late maturity.” 

If the next decade, for instance, should 
see the discovery of a cancer cure, or an 
effective treatment of arteriosclerosis, the 
problem will be even greater. A solution 
will partially rest with the medical man, 
who, by learning to treat not only the 
diseases of old age but also the aging proc- 
ess as such, must strive to increase the 
active period of life at the expense of the 
inactive—the summer and autumn of life 
at the expense of the winter. Not more but 
healthier old people are needed who can 
still enjoy life, hold jobs, and take care 
of themselves for at least a few years 
longer than they would otherwise. What is 


wanted is not so much a long life as an 
optimum life. 

Such contemplations readily lead to the 
crux of the problem—when does old age 
begin? At what birthday annive ? In 
other words—how old is “old”? It is self- 
evident that an arbitrary figure of 60, or 65, 
or 70, or 80 will never supply the answer. 
The calendar does not hold the key to the 
question. 

A man, and especially a woman, of 50 
was “old” in our grandparents time. They 
are hardly so today. Furthermore, it is 
necessary to compare only a few friends 
and acquaintances on their sixty-fifth 
birthday anniversary to realize the differ- 
ent ways in which people grow old. 

This thought brings to mind the contrast 
between the chronologic and biologic age. 
The latter is also referred to as physiologic 
age but since it is customary to oppose 
physiologic with pathologic, and since the 
chronologic age has nothing to do with 
pathology, the term biologic age (abbrevi- 
ated ‘‘B.A.””) seems the more appropriate. 
Physiologic aging would indicate aging 
without pathologic (disease) processes. But 
such differentiation is practically impos- 
sible. Many physiologic functions of body 
and mind slow up with advancing years. 
But pathologic changes may produce the 
same symptoms. Therefore, it is difficult to 
tell where physiology ceases and pathology 
begins. In any event, the fact is undisputed 
that biologic and chronologic age are not 
identical although they may often enough 
coincide, at least roughly. 

By chronologic age (‘“C.A.”) is meant 
the number of years lived. It is a rigid con- 
ception ruled by the calendar. Relentlessly 
and unalterably, a birthday present of one 
more year is made at each anniversary. The 
biologic age can be much kinder. It is the 
true age determined by heredity, state of 
health, and functioning capacity. It can be 
higher one year and lower the next, if 
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health has improved. The reverse may oc- 
cur if health or living conditions have 
deteriorated. With the passing of time, 
there may be a changing state of health. 

Thanks to the tyranny of the calendar 
(and the fetish made of it), we measure the 
chronologic age with great precision. Noth- 
ing like it is possible with the biologic. No 
standards or statistics exist as yet to supply 
information on how different organs or 
groups of organs should function at differ- 
ent periods of life so that data would be- 
come available with which actually to 
measure true age. Knowledge of biochem- 
istry and of the roles that the hormones, 
vitamins, and especially enzymes are play- 
ing is still too incomplete to explain the 
aging process or supply means for its men- 
suration. All that can possibly be done at 
present is to attempt an estimate of such 
age without, however, hoping for any ac- 
curacy. The “bone age”’ of growing children 
or the ‘‘mental age” used by psychologists 
are more exact because of their circum- 
scribed character. 

Biologic age may be defined once more 
through an example: A man (white, Ameri- 
can, of upper cultural level) who has lived 
seventy years has a life expectancy of 
about nine years. He has, therefore, a 
chance to celebrate his seventy-ninth birth- 
day. These are statistical figures based on 
national mortality reports of many thou- 
sands of cases. The individual is not 
considered except as part of the population, 
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The examination of this man shows that he 
has a favorable heredity, sound organs, and 
that he functions like a much younger man. 
The age estimation (to be described later 
on) makes him 15 years younger, that is to 
say, his condition corresponds to that of a 
man of 55, which would be his approximate 
biologic age. A man of 55 (again of his race 
and cultural level) has a statistical life 
expectancy of approximately 18 years. 
Since this patient of 70 is like a man of 55, 
he has the latter’s life expectancy and, 
therefore, a good chance to live to the ripe 
old age of 88. 

From time to time, medical tests have 
been suggested to determine the biologic 
age; for instance, a skin test might be ce- 
vised to measure the time it takes for an ar- 
tificially produced wound to heal. The 
younger the person, the quicker the repair 
is said to take place. Then there is the the- 
ory that the earlier presbyopia develops, 
the older a person is; and the quicker 
this defect of accommodation increases, 
the more rapidly he is aging. It has 
also been claimed that prompt fever 
reaction to an infection is a favorable 
sign in old age, as normally it decreases 
with advancing years. Ruzicka (1) of 
Prague measured the density of living 
tissue by determining the hydrogen-ion 
concentration. He found increasing con- 
densation to parallel increasing years. Liver 
function tests showing the detoxicating 
ability of this organ (whose great impor- 
tance for metabolic processes is being more 
and more recognized) will probably play 
an outstanding role in the future. 

The foregoing observations and others, 
such as mentioned by Gumpert (2) are 
valuable indeed. It seems, however, that 
they express more the age of one organ, or 
the quality of one function, than the age of 
the whole individual. It is simply impossible 
to get away from the fact that the human 
body is composed of many organs and that 
many different functions and biochemical 
reactions make up the phenomenon of life. 
Therefore, it is worthwhile to try to con- 
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sider and evaluate as many of them as pos- 
sible in order to arrive at an average which 
would indicate the approximate biologic 
age. So far nothing like it has been at- 
tempted. The only somewhat comparable 
method is that of Rogers and Hunter who 
in 1919 developed the ‘Numerical Method 
of Determining the Value of Risks for In- 
surance.”’ Their system of rating, based on 
such factors as physical examination and 
heredity, was epoch-making at that time 
and, with some modification, is constantly 
being used by insurance companies. 

In spite of the fact that physicians are 
often heard to say to a patient, ““You are 
twenty years younger than your age,” no 
systematic method was used to back up 
their statement (a statement which, by 
the way, is usually made for psychologic 
reasons and, therefore, probably with too 
much optimism). 

It is with awareness of its shortcomings 
that a somewhat more systematic method 
for biologic age estimation is described here 
for the first time. The plan is by no means a 
final blueprint. It is merely a start and, at 
best, a rough draft that will require many 
improvements, especially simplifications, to 
be truly practical and more reliable. 

An American life table exists for the year 
1789 which supplies limited but valuable 
information. It was—as Dublin (3) says— 
crudely constructed in comparison with the 
present elaborate tables. If today’s biologic 
age estimation is comparable to this old 
life table, the future looks bright. 

For several reasons measurement of our 
biologic age is a highly elusive goal. The 
first is that the various organs and organ 
groups in our body do not age simultane- 
ously, that is to say, in the same manner 
and at the same time. Just as there can be 
young minds in old bodies and vice versa, 
there can be a worn-out heart or a con- 
stitutionally old and inferior nervous sys- 
tem in a body whose other organs are still 
functioning adequately. This seems the 
real tragedy of advanced old age—unequal 
aging of organs which allows the senile- 
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demented, the blind, and the paralyzed to 
live on and on just because heart and 
arteries are younger and are still sustaining 
life. 

Then there is the question of normalcy. 
In examining an aging patient, the physi- 
cian will frequently say that the condition 
of this or that organ is normal for a person 
of the respective age. But what does nor- 
mal mean? It is an arbitrary conception 
based on critical observations and com- 
parisons but certainly no fixed entity. Nor- 
mal is anything that does not deviate de- 
cisively from the average and from the ex- 
pected. If, for instance, a man with a 
calendar age of seventy shows some signs 
of arteriosclerosis, it will be considered 
normal. If similar changes are found in a 
man of forty, we would be justified in 
diagnosing a premature state of old age in 
his vascular system, which would naturally 
raise his B.A. 

Another reason it is so difficult to deter- 
mine how old we really are in body and 
mind is that diagnosis in medicine is as yet 
far from being an exact science. It is true 
enough that our instruments are becoming 
more and more precise, but the results from 
their application are still more or less sub- 
ject to interpretation by the physician 
whose personal experience and judgment 
are indispensable. Diagnosing the biologic 
age is no exception. Just as an electro- 
cardiogram, an x-ray photograph, a dream, 
or most any diagnostic symptom or pro- 
cedure may be differently interpreted by 
different specialists, so the diagnosis of the 
biologic age may be subject to a variety of 
opinions. A diagnostic method is only as 
good as the quality of its interpretation. 


METHOD OF ESTIMATION 


A method to estimate a person’s bio- 
logic age is predominantly a health in- 
ventory. But it is one with a special pur- 
pose and incentive. The result of the survey 
is condensed into one final figure—the ap- 
proximate true age. 

This figure is derived from the estimated 
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TABLE 1 
NAME CHRON. AGE 
DATE Add 
or De- 
HEALTH INVENTORY || duct | BIOL. 
FOR BIOLOG. AGE from | AGE 
ESTIMATION Chr. 
age 
No. FACTORS Years 
1 Heredity and constitution “5-20. 
2 Personal history | 5-20 
Living habits | 5-20 | 
4 Cardio-vascular system 5-30 
5 Metabolism | 5-20 
6 Nervous system | 5-20 
7 Mental functions '| 5-20 | 
8 Endocrine system | 5-20 | 
9 Sexual functions 5-20 Pests 
10 Genito-urinary functions 5-20 
11 Blood. Lymphatic tissue. 
Tissue fluid 5-20 
12 Digestive system 5-20 
13 Respiratory system 5-20 
14 Skeletal-muscular system | 5-15 
15 Eyes 5-10 | 
16 Ears 5-10 
17 Skin 5 
18 Hair and nails 5 
i9 Teeth and jaws 5 
20 Additional assets or handi- 
caps 5-20 
TOTAL 


Divide by No. of Factors 
BIOLOGIC AGE 


biologic ages of a number of individual fac- 
tors to be selected from a list of twenty. 
All of them may contribute to a varying 
degree, both assets and liabilities. The list 
is shown in table 1. 
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The biologic age of each factor is not 
estimated directly but indirectly by using 
the chronologic age as the starting point 
and adding to or deducting from it a certain 
number of years, the number depending 
upon (a) the vital influence of the respec- 
tive factor on the total body economy 
(these are the figures in table 1); and (b) 
the state of health of the indivicual factor. 

The importance of the various factors 
is by necessity rather arbitrarily appraised, 
and this was done with people in mind 
who are over forty years by the calendar. 
The factors that are considered vital— 
heredity, living habits, nervous system,— 
could modify the chronologic age by 5 to 20 
years; the cardio-vascular system, probably 
the most essentia! to health and life, even 
5 to 30 years. Others less vital, the skin, the 
eye, the ear, would change the calendar 
age by only 5 to 10 years. These figures are 
stable. They apply in every case that is to 
be estimated. 

The individual estimation of each se- 
lected factor depends upon the result of the 
interrogation and examination. Accordingly 
the physician will modify the chronologic 
age within the above limitations upward 
(unfavorable) or downward (favorable). 
The resulting figures are added up and the 
sum is divided by the number of factors 
that had been chosen for appraisal. The 
result is the desired approximate biologic 
age. Rarely are all twenty factors being 
estimated. But if so, the division is nat- 
urally made by twenty. If none of the 
factors would warrant an estimation, the 
B.A. of this particular individual would be 
the same as the C.A. 

This is the strictly technical part of the 


_ procedure. For the proper application it is 


of great importance that not only the right 
factors but also the right persons be selected 
for estimation. 


SELECTION OF FACTORS AND PERSONS 


The factors to be selected and estimated 
depend upon the state of health of the 
person to be examined. Is he a sick person, 
or a person in average good health? 

In a normally healthy individual, those 
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factors are selected for which, generally 
speaking, the most reliable information is 
available or can be procured. The doubtful 
ones are left out. They would only give 
rise to errors. Likewise, a factor that is 
considered normal for the respective cal- 
endar age is left blank. It would not change 
the chronologic age and estimation is there- 
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score card can be used for each factor to 
guide the examiner in asking questions and 
making examinations. 

These score cards contain a larger or 
smaller number of items (subdivisions) 
which are to be rated as “favorable” or 
“unfavorable.” The total impression then 
suggests how to modify the chronologic age. 


TABLE 2 
| 
RATING CHRON 
1. HEREDITY AND CONSTITUTION (5-20) Fav. | Unf. — 
LONGEVITY OF PARENTS AND GRANDPARENTS...... 
Age at Pres. age | List respective ages at death or pres- Years 
death & life exp.| ent ages plus statistical life expec- added 
| tancy. Disregard accidents as causes or 
iF | | of death. Add all known figures and deducted 
divide by number of entries. If re- according 
| M. | | sult is higher than chron. age plus to 
statist. Life expec.: Fav. If lower: total 
| F.F | | Unf. Rate only if difference is at impression 
least 5 years one way or the other, of 
| F.M. | | otherwise omit rating but consider ratings 
especially age (and health) of parent 
M-~F. | | of greater resemblance. 
| MLM. | | 
Total 
Result 
Divide by: 
BIOL. 
HEALTH OF PARENTS AND GRANDPARENTS.......... 
AGE 


OTHER HEREDITARY FACTORS......... 


Marked pyknic constitution probably unfavorable. 
Constitutional inadequacy (constantly “‘ailing’’ without organic | 
disease): Unfavorable (unless oompenanted by protected and || 


careful living habits). 


fore unnecessary. If the estimation is better 
than normal, deduction is made in accord- 
ance with the degree of the asset. If estima- 
tion is below normal, the liability and its 
degree are expressed by the number of years 
added to the C.A. Credit or debit should 
preferably be at least five years. 

_ The doctor who is well acquainted with 
the state of health of a patient (who, by the 
way, does not have to be a patient in the 
sense that he needs medical attention) may 
be able to judge offhand a number of fac- 
tors as being above or below average, and 
he can write in his estimation as so many 
years added or deducted. Or a kind of 


Such procedure makes for a more sys- 
tematic and thorough health inventory. 
Tables 2, 3, 4, and 5 show the first four 
score cards as examples. Some of the listed 
items are vitally important and should be 
rated. Others may be rated (like the elec- 
trocardiogram) if circumstances permit. 

Score cards are helpful, but not ab- 
solutely essential. It is more essential that 
the examiner omit all those factors that are 
either normal or that he cannot estimate 
with a reasonable degree of confidence. 
Consequently, only those factors are util- 
ized that constitute a rather clear-cut asset 
or liability for the individual. 
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In making this kind of a health survey, 
the thought must be kept in mind that the 
biologic age does not only express the life 
expectancy but chiefly represents a picture 
of the general state of health and the func- 
tioning capacity, physical and mental, at 
the time of examination. In other words, a 
person may be made older not only by a 
condition that could shorten life but also 
by any marked detriment to sound func- 


Estimating the biologic age of a person 
more seriously sick than this arthritis 
patient represents quite a different problem. 
In any acute illness estimation is useless, 
In cases of a more or Jess advanced disease 
affecting a vital organ, the usual calcula- 
tion from so and so many factors would 
likewise be erroneous and should not be 
undertaken. The biologic age of such 
patient would simply correspond to the 


TABLE 3 
RATING CHRON 
2. PERSONAL HISTORY Fav. Unf. AGE 
ILLNESSES and "a 
Many illnesses: unfavorable. Infections that left no scars may be Ea 
favorable through acquired immunity. 
Years 
OPERATIONS: (RESECTIONS) added 
Unfavorable unless improved living habits result. or 
deducted 
TRAUMATA (Physical and mental)... according 
Exposure in formative years to tuberculosis, mental diseases, al- to 
coholism, etc. unfavorable. Many stresses and strains: Unf. total 
impressio 
WOUND HEALING AND RECOVERY FROM ILLNESS.... 
Quick recoveries: favorable. ratings 
Many, especially if difficult: Unfavorable. es | 
WHAT ECONOMIC CLASS? = | 
Favored classes better than poorer classes. 
EARLY EDUCATION AS TO PROPER LIVING: Favorable. BIOL. 
Diet, personal hygiene, etc. AGE 
Favorable. 
OTHER ASSETS OR 


tioning of body and mind. A man with 
chronic arthritis may live a long life be- 
cause of otherwise good health, but he 
lives it as a biologically rather old man. 
Such at least would be the practical aspect 
of the situation, although one may argue 
that, theoretically, he is younger because 
other vital organs are relatively young. 
Since, however, they do not help him to 
overcome his handicap and raise his func- 
tioning capacity, his biologic age must be 
considered definitely above his chronologic. 


biologic age of the affected organ or organ 
system. 

Calculation of other factors would again 
in such instances only becloud the issue and 
distort the result. If a man has an inoper- 
able brain tumor, or a malignant high 
blood pressure not amenable to treatment, 
the seriousness of the condition could—for 
all practical purposes—not be altered by a 
favorable rating of other factors, unless, as 
mentioned before, one wants to interpret 
the condition as “biologically young but 
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afflicted with an incurable disease.” The 
expediency of such definition, however, is 
not apparent. 

But there are many people who do not fit 
into either of these two groups. They are 
not dangerously ill and disabled yet they 
are not well enough to be considered in av- 
erage good health. In such cases, it is 
best to avoid giving only one figure as 
the biologic age. It is useful to calculate 
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You would have to be treated in order to 
improve your health and with it your 
biologic age.” The patient usually under- 
stands, is pleased with one estimate, and 
eager to raise the other. 


ADVANTAGES OF BIoLoGic AGE 
ESTIMATION 


Having disposed in a somewhat perfunc- 
tory manner of the general technic of 


TABLE 4 
RATING CHRON. 
3. LIVING HABITS Fav. | Unf. AGE 
Habitually balanced or not? Vitamin-mineral deficiencies? ..... . 
Moderation as to quantity: Favorable. added 
or 
If sensitive to nicotine: Unf. If much and regular: Unf. ~~ 
Habitually sufficient: Fav. Insufficient: Unf. — 
What type? For how long? 
More than accustomed: Unf. Moderate: Fav. None: Neutral. + 
Regular rest periods—midday rest—vacations: Fav. 
Inclined to moderation or strains? AGE 
How regular? Habitually much: Unf. Habitually little: Fav. or 
neutral. 
OTHER ABGETS GR LIABILITIO[’. . 


assets and liabilities separately and tell 
the patient something like this: ‘As you 
know, you are not very sick but not en- 
tirely well either. The favorable points 
in your general health would make you 
ten years younger than the calendar 
Says you are. But your bad points would 
make you something like fifteen years older. 
It is not feasible to balance one against the 
other because mathematics can neither 
ameliorate nor remove your handicaps. 


biologic age estimation, a few more para- 
graphs as to its justification may be in 
order. 

Some advantages have been hinted at 
previously. With age estimation, especially 
if repeated from time to time, a valuable 
health check-up is encouraged. By applying 
this method, the investigator will look 
through and beyond appearances and will 
not be deceived by a face lifting operation, 
by dyed hair, cleverly selected clothes, 
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youthful attitudes and mannerisms. But 
this is by no means a disparaging remark. 
All these attempts to appear younger have 
their full justification which hardly needs 
emphasis in modern life, and especially 
not for those who recognize the importance 
of the psycho-physical reaction, now usu- 
ally referred to as psychosomatic medicine. 

If the approximate biologic age would be 
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Some time in the future, age must be determined 
biologically and not by a certain number of years. 
Organizations that pension their employees now, 
not because their usefulness has ended but because 
they have-lived 60 or 65 years, may then benefit in 
two ways: First, the period of productive service 
will be extended for those men and women who 
have grown old usefully and youthfully, with their 
capacities intact when they have reached the age of 
retirement. This is an “adductive gain” for em- 
ployer and employee. Secondly, others less fortu- 


TABLE 5 
CHRON. 
4. CARDIO-VASCULAR SYSTEM Fav. | Unf. ao 
CORONARY ARTERIES (Angina?) (Thrombosis?) (Effort 
pain?) 
CEREBRAL ARTERIES (Spasms? Vertigo? Memory? Cere- = 
bral accident?) Inquire from relatives as to change in behavior. Years 
added 
Decompensation? Enlargement? Accentuations? E.K.G.? Result deducted 
of stress tests? x-ray of aorta? Dyspnea? Pain? according 
to 
PULGE BATE and ARRYTHMIAG. total 
Constant fast rate: Unf. Abnormalities in rhythm multiply with impression 
age. If none after 65: Fav. of 
ratings 
BLOOD PRESSURE CO more important than SYS- 
Hypertension more unfavorable if present early in life. + 
High pulse pressure indicative of sclerosis. 
Marked postural changes: Unfavorable. ~ 
Amy] nitrate test for elasticity of arteries. 
KIDNEY FUNCTIONS (RENAL ARTERIES) Nephrosclerosis BIOL. 
Edema 
Urea clearance test. Concentration test. Blood N.P.N., urine 
analysis, blood count. 
PERIPHERAL ARTERIES 
OTHER EXAMINATIONS OR 


routinely added to the chronologic in ap- 
plications for positions made by aging men 
and women, disappointments might be less 
frequent for employee as well as employer. 
Or if the age of retirement, which in many 
organizations is sixty-five years for men 
and sixty for women, would be converted 
from the chronologic to the biologic age, 
many injustices would be prevented. The 
following paragraph is taken from one of 
is earlier publications (4) on the subject: 


nate may have ceased to be useful long before they 
are entitled to pensions but have been “‘carried 
along” to the detriment of the respective service. 
Their earlier elimination would likewise constitute 
a gain, although a “‘deductive’’ one. 


True enough, employers have a counter- 
argument which has been heard in one 
form or another from a number of execu- 
tives, bank presidents, and others. Usually, 
it is emphasized first that the present 
method is ever so much simpler. A date on 
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the calendar is reached, and immediately 
the old employee is given a dinner and is 
handed a scroll or an engraved watch; a 
few speeches are made; a few eyes get 
moist, and—the chapter is closed. 

The second argument is less emotional. 
For those in higher positions, large or- 
ganizations follow the rule that the princi- 
pal function of management is the perpetu- 
ation of management. They say that no 


one in a responsible position should keep | 


this position too long because it would in- 
terfere with effective succession by younger 
men. Only by adhering to the rule of retire- 
ment at a certain chronologic age can the 
right man be trained and induced to wait 
for the time when he knows he will be 
promoted. 

From the point of view of biology and 
medicine, the argument does not seem con- 
vincing. It would still be a waste of produc- 
tive capacity. As Lawton (5) pointed out, 
retirement may be fine for a man of forty- 
five who can devote his life to useful hob- 
bies. It is often fatal for a man of sixty-five, 
especially if he is psychologically unpre- 
pared for idleness. The solution of the prob- 
lem lies in the creation of new jobs within 
the old organization—jobs adapted to the 
biologic age and to the special abilities of 
those who want to remain in harness. 

There is another value for the individual 
in having the biologic age estimated from 
time to time. If it is definitely above the 


chronologic age, a man may be induced 


to lower it, that is to say, make himself 
younger by changing his mode of living 
(for instance, giving up smoking), by hav- 
ing an operation performed to remove a 
health hazard, by undergoing some geria- 
tric treatment, or finally, by geronto- 
therapy, which indicates the treatment of 
the aging process as such (4). On the other 
hand, a woman may find her biologic age 
below her chronologic. Aside from the 
favorable psychologic effect of such diag- 
nosis, it would encourage her to preserve 
her good health and youth by whatever 
means her individual assay may indicate. 

Finally, a person of sixty whose biologic 
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age is seventy or seventy-five would not 
undertake a new and strenuous job which 
might end in disaster. Or marriage under 
such circumstances would receive special 
consideration because of the added risk. 
Nobody should be elected to a responsible 
position (for instance in government) whose 


biologic age is above a figure of sixty or 


sixty-five, quite independent of the cal- 
endar age. Thus, a governor of one state 
may be elected even if he has lived seventy- 
five years, while in another state a candi- 
date for governorship should be rejected 
although he has only celebrated his fiftieth 
birthday. 

Stieglitz has asked in his latest book (7) 
““How old is old?” An answer is not simple. 
It has been said that a woman is as old as 
she looks and a man as old as he feels. But 
the estimation of their biologic ages may 
tell a different story. 

It has also been said that a man is as old 
as his endocrines, and—with a good deal 
more justification—a man is as old as his 
arteries. The Russian, Bogomolets (6), 
said, ‘‘Man is as old as his connective tis- 
sue.”’ From my studies and observations, I 
feel that these are oversimplifications and 
that man is actually as old as the total func- — 
tioning capacity of his vital organs. If he 
is organically sick, he is as old as his old- 
est vital organ and, for all practical pur- 
poses, such a patient suffering from a grave 
organic illness is biologically ten to thirty 
years older than his calendar age. As men- 
tioned before, all this refers to people over 
forty. 

It would be quite impossible here to 
discuss in more detail the mystery of aging. 
And a mystery it still is. Do we really grow 
old, or are we gradually killing ourselves by 
an imprudent mode of living? Or is old age 
a normal period of life like childhood and 
adolescence—a period inescapable because 
imbedded in our genes? One can look at the 
problem of life and old age from several 
angles. The philosopher will see it differ- 
ently from the biologist or the physician. 
From the latter’s point of view, old age 
seems a phase of human life that is at 
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present inevitable except through timely 
death. It is not in itself a disease because 
disease does not have to be inevitable, al- 
though processes of aging are indistinguish- 
able from disease processes. Old age is a 
time of functional and organic disintegra- 
tion and disharmony. It is liable to allevia- 
tion and postponement by proper manage- 
ment and treatment. It cannot even be 
said that it is irreversible. Only man, in his 
present state of scientific development, is 
unable to reverse it. Therefore, for all prac- 
tical purposes, true rejuvenation is still 
fiction; only reactivation and revitalization 
are obtainable. 

There is too much concern with useless 
senility and with death. There is too much 
interest in preserving life for life’s sake and 
neglect of cultivating living. Modern medi- 
cine and psychology can and must guide 
toward a living and not a dying old age. 
But when the final stage is reached, 
medicine again can be the truest friend in 
need until—in a more enlightened future— 
euthanasia will be allowed to bestow its 
ultimate blessing. 

Age and health are both relative con- 
ceptions. That makes their measurement so 
puzzling and difficult. It would be a great 
advantage if there could be applied to the 
individual what our actuaries and bio- 
statisticians have figured out so ingeniously 
for groups and for strata of population, but 
mortality rates, life tables, and life expec- 
tancy statistics can only supply a small 
part of the information sought in regard to 
the biologic age, its whole conception and 
its estimation. Therefore, since biologic 
age cannot as yet be measured in a strictly 
scientific sense, a bit of imagination must 
be ventured and our clinical experience 
utilized even if often arbitrarily. Otherwise, 
no headway can be made. 

Naturally, it will be necessary to con- 
tinue to make concession to custom and in 
daily life let the calendar fix the age of a 
person. Yet the biologic age will probably 
play a more and more essential role in life 
problems. I have presented no final pro- 
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gram. I have merely described a modest 
beginning, have attempted to arouse in- 
terest, encourage some unorthodox think- 
ing, and perhaps point a way for future 
studies. 


SUMMARY 


Biologic age is dependent upon heredity 
and the general state of health, as well as 
the functioning capacity of the individual. 
Since all organs and functions may con- 
tribute assets or liabilities, it is not possible 
to estimate the biologic age from tests on 
one organ alone. 

Nineteen factors covering life history and 
result of examinations have been selected 
for their individual estimation, which is 
done indirectly by modifying the chrono- 
logic age upward or downward. Five to 
thirty years can be added or deducted, de- 
pending upon the vital importance of the 
respective factor and upon its state of 
organic and functional health. 

Only those factors are selected for ap- 
praisal for which reliable information is 
available, and only those people should 
have their biologic age estimated who are 
in average good health. If a person is seri- 
ously and chronically ill, he is as old as his 
oldest (sickest) organ. 

From the estimated factors an average is 
drawn which constitutes the approximate 
biologic age of the individual. 

The biologic age is subject to changes as 
living conditions may change and as health 
may improve under proper treatment. 

Applications of biologic age estimation lie 
in the field of personal life problems, of in- 
dustry, and of leadership. 
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Transmissible, Cumulative, and 


Reversible Factor in Aging 
ALBERT I. LANSING 


Dr. LANSING’S EXPERIMENTS REPRESENT 
AN ATTEMPT TO INCREASE OUR KNOWLEDGE 
OF BIOLOGIC ASPECTS OF AGING. IN THESE 
EXPERIMENTS THE EFFECT OF PARENTAL 
AGE ON LONGEVITY OF PROGENY THROUGH 
SUCCESSIVE GENERATIONS HAS BEEN TRACED 
WITH RATHER STARTLING RESULTS. IT HAS 
BEEN FOUND THAT PROGENY OF OLD PAR- 
ENTS DO NOT LIVE.AS LONG AS THOSE OF 
YOUNG PARENTS; THE FOSSIBLE SIGNIFI- 
CANCE OF THIS OBSERVATION IN A MECHAN- 
ISM OF AGING IS DISCUSSED. 


feces last several years have seen the 
growth of interest in the problem of 
aging to the extent that gerontology has 
emerged as a discrete discipline. However, 
it seems clear that while progress is being 
made in recognition of the senile state, rela- 
tively little is known of the biologic proc- 
esses involved in aging. Considerable con- 
fusion exists even in application of the term 
“aging.” Aging is referred to as the changes 
that occur with the passage of either 
chronologic or physiologic time, or to the 
changes that occur within specific cells 
whose development is arrested. Thus, 
Schecter (7) regards the degenerative 
changes that occur with the passage of 
time in unfertilized marine eggs as true 
aging. 

One might best define aging, in the ab- 
sence of specific criteria, as a process of 
debilitating alteration of adult cells which 
progresses at variable rates and which to 
some extent is correlated with passage of 
chronologic time. 

In considering the apparent fact that 
protoplasm is in a state of continuous flux, 
its constituents being constantly resyn- 
thesized, it seems remarkable that aging 
occurs at all. To draw an analogy between 
biologic and colloidal aging as is done by 
Dhar (2) is to ignore this basic property of 
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living material. Similarly, ascribing aging 
to a wearing-out mechanism, or drawing an. 
analogy between a senescent organism and 
a clock whose spring is running down, is in- 
adequate. If the living organism possesses 
the ability to maintain and repair itself, | 
then, in the absence of any intervening 
factors, the organism should be able to 
maintain itself in a vigorous state in- 
definitely. Aging in living things seemingly 
involves progressive loss of this vital prop- 
erty of self-synthesis. 

Protozoa and some invertebrates that 
reproduce by fission do not age, although 
individuality is lost in the formation of 
fission products. As Cowdry (1) points 
out, intermitotic cells do not become senile 
and die; it is only the postmitotics, the 
highly differentiated non-dividing cells that 
do. The effectiveness of cell multiplication 
and growth in warding off senescence is 
demonstrated by Sonneborn’s experiments 
(8) on Stenostomum. Sonneborn showed, 


in this flatworm which reproduces by fission| }j 


to form anterior and posterior daughter 


animals, that anterior lines which undergo] gj 


little cell multiplication rapidly age and 
die; posterior lines, however, whose mem- 
bers must regenerate a large portion of the 
body, are essentially immortal. 
Interpretation of Sonneborn’s findings is 
rendered difficult because of the loss of in- 
dividuality resulting from fission. How- 
ever, if all the fission products of a single 
line are considered to be an indivicual, it 
might appear as though a cumulative fac- 
tor were operating in the production of the 
short-lived anterior lines. In this respect, 


the experiments of Jennings and Lynch |i 


(3) on the rotifer, Proales, may be per- 
tinent. These authors found that the 
progeny of old parents do not live as long 
as those of young parents; while their 
results were not statistically significant, 
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there was a consistent trend in all of their 
experiments. 

This study by Jennings and Lynch sug- 
gested a possibility that the divergent be- 
| havior of anterior and posterior lines with 
respect to longevity of Sonneborn’s flat- 
‘worms could be reproduced in the rotifer. 
In this multicellular animal that repro- 
duces sexually but whose ova develop 
parthenogenetically, the method used was 
to select, through a series of generations, 
lines of uniformly young or old parentage. 
The technique developed to test this pos- 
sibility will be described in detail in the 
following section. 

EXPERIMENTAL DaTA 


The Organism.—Because of relative ob- 
scurity of the rotifer it would be well at 
this point to give a brief description of this 
organism. The rotifer is a microscopic fresh 
water organism most frequently found in 
stagnant ponds that abound in infusoria. 
Roughly several hundred to one thousand 
cells are contained in the body, which 
varies from one quarter to one millimeter 
in length. 

The phylum Rotatoria, or Rotifera, is 
distinctive in that the male when present is 
degenerate, lacks an alimentary tract, and 
lives but twenty-four hours. However, in 
many species, the male has never been ob- 
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served. Philodina citrina is apparently an 
example, since in all of the work done dur- 
ing the current investigation no males have 
appeared. 

While some rotifers are sessile, creep like 
leeches, or swim incessantly, the entire 
phylum is characterized by possession of 
a ciliated corona at the anterior end of the 
body. A variety of organs is contained 
within the minute body at the rotifer, in 
addition to the ciliated corona; there is a 
primitive brain, so-called eye spots that 
may be light sensitive, flame cells, muscle 
fibers, a well differentiated alimentary 
tract, and an ovary. 

Under favorable conditions, in the species 
currently being used, only female partheno- 
genetic eggs are laid which hatch in about 
twenty-four hours. After a period of im- 
maturity which varies with the species, the 
rotifers lay eggs at the rate of one to five 
per day. 

The senile rotifer is characterized by 
very low or no egg production, a sharply 
decreased rate of ciliary beat, slow passage 
of food through the alimentary tract, 
shrinkage of the ovary, and a change from 
clear, highly refractile tissue to opaque, 
dull yellow tissue. 

Isolation Technique.—The isolation cul- 
ture technique for rotifers is essentially the 
same as that previously described (Lansing, 
6). The green alga, Stichococcus bacil- 
laris, has been replaced by Chlorella 
vulgaris, the rotifers were maintained in a 
constant temperature box at 20 C., and the 
culture fluid was buffered at pH 7.2. (Iden- 
tification of the unicellular alga as Chlorella 
vulgaris was made by Dr. George T. Moore, 
Director of the Missouri Botanical Garden. ) 
Clones of Euchlanis triquetra and Philo- 
dina citrina which were developed from 
single animals constituted the wild stock 
material for the various experiments. The 
former was found in a small pond in Forest 
Park, St. Louis, Missouri, while the latter 
was isolated from an aquarium in the 
laboratory of Dr. E. V. Cowdry. Except 
where specifically indicated otherwise, 60 
eggs from wild stock rotifers (Philodina 
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citrina) were isolated in two drops of cul- 
ture fluid and their life histories were 
traced. 

Preliminary experiments on the charac- 
teristics and reproducibility of data on 
longevity showed that the mean life spans 
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Fic. 1. Graphs contrasting survival curves of 
wild stock and ten day orthoclone rotifers, Philodina 
citrina. Mean egg productions are contrasted in the 
lower pair of curves. 


were greater in mass culture material which 
had been well fed prior to initiation of the 
experiments than in poorly fed mass cul- 
ture. In addition, within a given series of 
animals there was considerable variation 
in longevity. Since the culturing technique 
provided standardized food material, tem- 
perature, pH, and chemical constitution of 
the medium, and since the animals were 
genetically homozygous it was felt that 
parental age might be a significant variable 
in determining longevity. 

An experiment was performed in which 
the life histories of 60 rotifers (Philodina) 
of mixed parentage were compared to 60 
rotifers whose parents were all 10 days old 
at the time that the eggs were laid. The 
results obtained are shown graphically in 
figure 1. The mean life span of the wild 
stock rotifers was 20.4 days and a mean of 
22.6 eggs per animal were laid during the 
life span; on the other hand, the animals of 
10 day old parents (young adults) lived 
24.2 days and laid 27.8 eggs. Examination 
of the survival curve shows that the theore- 
tical rectangular survival curve is more 
closely approached by the animals of uni- 
form parental age than the wild stock but 
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that the terminal or senile portions of both 
curves are almost identical. 

It is also worthy of note that the mean 
number of eggs laid per day in early life in 
the uniform series is greater than that of 
the wild stock. Since the total number of 
eggs laid during an individual’s life span 
approached or equalled but never exceeded 
thirty-two in number, it would appear that 
the ovary contains that number of germ 
cells. This view is suggested by Jennings 
and Lynch (3) who concluded that the 
ovary of the rotifer Proales contained 
thirty-two ova. 

The longevity and egg productivity of 
Philodina and Euchlanis may be compared 
by examination of figure 2. While wild stock 
Philodina citrina showed a life span of 20.4 
days and laid a mean of 22.6 eggs during 
that time, Euchlanis triquetra lived 7.8 
days and laid 9.9 eggs. The ovary of 
Euchlanis apparently contains but sixteen 
germ cells as this number was approached 
or equalled but never exceeded. 

Orthoclone technique.—A procedure was 
developed for procuring successive genera- 


MEAN LIFE SPAN -76 

80 : 
60 

50 
2072 = 
3 

= MEAN EGGS LAID- 0.9 


DAYS 
Fic. 2. Life history of wild stock (clone C,), Euch- 
lanis triquetra, showing survival curve and mean 
number eggs proc uced per day. 


tions of rotifers with uniform parental age; 
such a series of generations was designated 
an “orthoclone.” As shown graphically in 
figure 3 (on the basis of the life history of 
Euchlanis triquetra), eggs from mass cul- 
ture rotifers were isolated as per usual and 
their life histories traced. To establish an 
orthoclone of, for example, 5 day old paren- 
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tage, eggs laid by the preceding group on 
their fifth day of life would be isolated and 
their life histories traced. This would con- 
stitute the first filial generation of regulated 
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lished from a single set of 30 wild stock 
rotifers. These three orthoclones represent 
adolescent, middle aged, and senile parents, 
respectively (figure 1). 


YOUTH 


SENILITY 


2 
YOUTH 

=< 


parentage and would be identified as the 
“5F,.”’ Eggs laid by this 5F; on their fifth 
day of life would be isolated for the 5F:, 
and this procedure would be continued for 
any desired number of generations. By 
establishing contrasting orthoclones of 
young and old parentage from a single 
parental stock it was possible to evaluate 
under standardized conditions the effect of 
parental age on the longevity of successive 
generations. 

Parental Age in Longevity.—As previ- 
ously mentioned, Jennings and Lynch 
(3) in their studies on the rotifer, Proales, 
suggested the possibility that the offspring 
of old parents do not live as long as those of 
young parents. Their observations were 
made through but a single generation, and 
while their results were not statistically 
significant, there was a uniform trend 
throughout their experiments of the afore- 
mentioned relation between parental age 
and longevity of progeny. 

The initial experiment (series 1) of the 
present investigation was designed to 
answer the question: Does parental age in- 
fluence longevity? Using Philodina citrina 
as the experimental animal, four, eleven, 
and seventeen day orthoclones were estab- 
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Fic. 3. Orthoclone method, showing the procedure developed for selecting successive generations of a 
parthenogenetic rotifer with constant parental age in each generation. (Euchlanis triquetra.) 


The results obtained in this experiment 
are graphically represented in figure 4. 
Beginning (in the parental group) with a 
mean life span of 21.7 days, the young 
orthoclone yielded the following mean life 
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Fic. 4. Graphs showing the fates of four, eleven, 
and seventeen day orthoclones (series 1). Both 
eleven and seventeen day orthoclones rapidly be- 
come extinct and only the four day orthoclone is 
capable of maintaining itself. 


| 
both 
mean 
ife in 
at of 
er of 
span 
eded 
yerm 
aings OF 
the S 

ined 
y of 
ared 
stock OF, 
20.4 
y of 
teen 
ched 
was 
1era- 

|| 

25 

\ 

20 

15 

juch- 
mean 

‘ 

age; 
ated 
y in 
of 
cul- 
and 
n an 
ren- 


an) sis 
of: 
> 
2° 
Zz = . 
< 
<4 & ec on 
: 
a 
Yas 
5S 
Sg 28 Os 
x 
> o 
2 
BS ° 
a NBS 


a 
. 


N 


A CUMULATIVE FACTOR IN AGING 


TABLE 2. Ecc PropucTION DATA OF ORTHOCLONES IN SERIES 3. 
PHILODINA CITRINA 
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orthoclone died out. Similarly, the old 
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20.6 days mean life span of 22.1 days in 


of life (table 1) and as a consequence this sterile in the F; generation at 


was completely sterile on the eleventh day eleven day orthoclone, 


bers of eggs from these immature rotifers. 
The eleven day orthoclone showed mean 


life spans of 28.0 days in the F,, 
in the F:, and 10.9 days in the F;. The F; 
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of which the orthoclone died out. 

These experiments were repeated with a 
few changes and verified in series 3. The 
number of experimental animals in each 
generation was increased from 30 to 60 and 
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n- --- 
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ORTHOCLONE GENERATION 
Fic. 5. Five, eleven, and sixteen day ortho- 
clones of series 3 again demonstrating the rapid 


extinction of old orthoclones and pediaclonic nature 
of the five day orthoclone. 


a sixteen day orthoclone was substituted 
for the seventeen day orthoclone. The 
five day orthoclone of series 3 essentially 
maintained the mean life span of the par- 
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Fic. 6. Three and six day orthoclones of Euch- 
lanis triquetra. The six day (old) orthoclone rapidly 
becomes extinct while the young orthoclones main- 
tain themselves. 
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ental stock through seven generations with 
a transient decrease in the third generation 
and a tendency to increased life span in the 
seventh generation. The orthoclone was 
discontinued at the end of the seventh 
generation because an inadequate number 
of eggs were available for the eighth genera, 
tion (table 2). 


Although the eleven day orthoclone o 
series 3 survived four generations with onl 
a slight reduction in mean life span, the 
eggs laid on the eleventh day of life of the 
F, were largely non-viable and all anim 
that did hatch died shortly thereafter, 
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Fic. 7. Graph showing rapid extinction of old 
orthoclones with reversal of the accelerated aging 
effect by establishment of offshoot young ortho 
clones. (Euchlanis triquetra.) 


Thus, as before, the eleven day orthoclone 
died out. 

The mean life span of the sixteen day 
orthoclone declined from 24.2 days in the' 
parental stock to 22.0 days in the F; and 


20.2 days in the F, at the close of which the 
line died out since all of its eggs for the 16F;, 
were non-viable. 

The study on influence of parental age 0 
longevity was also conducted with Euch 
lanis triquetra as the experimental or- 
ganism. While this rotifer was convenient 
to work with because of its extremely sho 
span of life (see figure 3), this factor ha 


the obvious disadvantage of decreasing. 


significance of data obtained on longevit 
and egg production with observatio 
made at twenty-four hour intervals. 

The data obtained in tracing young and 
old orthoclones of Euchlanis are graphically 
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condensed in figures 6 and 7. Two young 
(three day) orthoclones (figure 6) main- 
tained and increased the mean life span of 
parental stock. 

Continued. maintenance of three day 
orthoclones was limited by the sudden pro- 


-+ duction of male eggs in these orthoclones. 


As stated earlier, only female partheno- 
genetic eggs are laid by Euchlanis under 
the standard conditions employed. The ob- 
servation had been made at an earlier date 
in the course of a temperature experiment 
that male eggs are produced in variable 
amounts with sudden increases of tempera- 
ture. In these young orthoclones, although 
no quantitative data were obtained, it was 
clear that the number of male eggs pro- 
duced increased with successive generations. 
Old orthoclones being cultured at the same 
time as the young produced no males. 

In contrast to the three day orthoclones, 
an old (six day) orthoclone (figure 6) de- 
clined from a mean life span in the parental 
stock of 9.3 days to 8.3 days in the F; and 
6.0 days in the F,. Very few eggs were laid 
by the F., none hatched, and the line died 
out. A five day orthoclone (figure 7) de- 
clined from a mean life span of 7.8 days in 
the parental stock to 6.3, 6.4, and 5.5 days 
in the Fi, F., and F; respectively. Failure 
of the rotifers to lay eggs during the fifth 
day of life of the F; terminated this ortho- 
clone. 

The fate of a four day orthoclone was 
similar except that extinction of the line 
developed after a longer period of time. 
Thus, beginning with a mean life span of 
8.0 days in the parental group, the 4F; life 
span was 6.9 days; in two 4F; lines the life 
span was 6.6 and 6.4 days; and in three 
4F, lines it was 5.1, 4.5, and 4.4 days. The 
orthoclone became extinct at the end of 
the F, for lack of egg production on the 
fourth day of life. 

Reversibility.—It is clear from the pre- 
ceding experiments that the life spans of 
mature adult and old orthoclones is pro- 
gressively reduced while immature adult 
orthoclones maintain and increase the life 
span of parental stocks. The question now 
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arises: Is the phenomenon of accelerated 
aging produced by an old orthoclone re- 
versible? An experimental technique was 
devised, in an attempt to answer this 
question, in which immature adult ortho- 
clones were developed from one of the 
terminal generations of old orthoclones. 
This method was employed in three ex- 
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ORTHOCLONE GENERATION 
Fic. 8. Series 2 of Philodina citrina showing ac- 


celerated aging in old orthoclones and reversal by 
establishment of offshoot young orthoclones. 


periments on Euchlanis triquetra and two 
on Philodina citrina. 

Euchlanis triquetra.—As described pre- 
viously, a five day orthoclone declined from 
a mean life span of 7.8 days in the parental 
stock to 5.5 days in the F;. The eggs of 2 
day old rotifers in this F; were isolated and 
their life histories were traced. This off- 
shoot generation of rotifers had a mean 
life span of 6.6 days while their 5F, sisters 
all died during development or immediately 
after hatching. 

In a second experiment, a set of eggs laid 
by 2 day old rotifers in the 4F, generation 
which had declined to mean life spans of 
5.1, 4.5, and 4.4 (parental life span 8.0 
days) gave a mean life span of 7.4 days. 
Again, this sharp increase in life span was 
in sharp contrast to the 4F,, sister rotifers 
who died prior to completion of the first 
day of life. 

The third experiment consisted of estab- 
lishing an offshoot line of rotifers derived 
from 2 day old parents in the 3F, genera- 
tion. This line gave a mean life span of 8.8 
days while the 3F; generation of sister 
rotifers had a life span of but 7.1 days. The 
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PHILODINA CITRINA 


TABLE 3. Ecc PropucTION DaTA OF ORTHOCLONES IN SERIES 2. 


Orthoclone Generation 
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-8F's eggs were non-viable. In contrast, the 


R, through R, yielded mean life spans of 
20.3, 20.7, 19.9, and 23.4 days respectively. 
The next four generations of this R line 
were lost in an unfortunate laboratory ac- 
cident but the Rs; and its decendents are 
currently being studied and their character- 
istics will be described in a subsequent pub- 
lication. 


DIscussION 


Although data that have been obtained 
in the current investigation bear signifi- 
cantly on a number of problems, it is in- 
tended at this time to consider only the 
relation of the data to the problem of aging. 

The observation of Jennings and Lynch 
(3) that the progeny of old parents do not 
live as long as those of young parents has 
been confirmed in two species of Rotifera. 
It seems clear from this observation that 
there is a transmission through the egg of 
the old parent of a factor which accelerates 
the aging process in the F;. All of the old 
orthoclones studied showed progressive 
acceleration of aging, terminating in ex- 
tinction of each orthoclone through in- 
adequate egg production, or non-viability 
of embryos of newly hatched rotifers in the 
terminal generation. 

In general, there appears to be an inverse 
relation between the age of an orthoclone 
and the number of generations required to 
produce extinction of the line. Thus, in the 
case of Philodina, the eight day orthoclone 
died out in the eighth generation (figure 8), 
one eleven day orthoclone became extinct 
in the fourth generation (figure 4), while 
another had a similar fate in the fifth gen- 
eration (figure 5). A sixteen day orthoclone 
died out in its third generation (figure 5) 
and two seventeen day orthoclones died 
out in the third generation (figures 4, 8). 

The transmissible factor, then, is also 
cumulative. This view is substantiated by 
the observations that acceleration of aging 
in old orthoclones is progressive and that 
the number of generations required to pro- 
duce extinction of an orthoclone decreases 
with the age of an orthoclone. As a matter 
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of expediency, it might be well to designate 
as a “geriaclone”’ any orthoclone which has 
the capacity to transmit and cumulate the 
aging factor. 

The data that have been obtained in the 
several experiments on reversibility of the 
accelerated aging phenomenon in geria- 
clones seem to give us a clear answer to 
the question: Is the phenomenon of ac- 
celerated aging produced by a geriaclone 
reversible? In all of the experiments per- 
formed, young orthoclones derived from 
aging geriaclones produced increases in life 
span (figures 7, 8). Such orthoclones which 
have the capacity to increase life span, 
presumably by a reversal of the cumulative 
effect, have been designated “‘pediaclones.”’ 

Data that have been obtained to date in 
experiments with pediaclones give no in- 
formation as to the maximum life span that 
can be obtained with this procedure. The 
pediaclones of Euchlanis triquetra were 
limited in that male eggs were produced in 
increasing numbers with a resulting sharp 
reduction in the number of female par- 
thenogenetic eggs available for the estab- 
lishment of new generations. The pedia- 
clones of Philodina are also difficult to 
maintain for more than a few generations 
because of the fact that egg production on 
the fourth, fifth, and often the sixth day 
of life is reduced to a negligible quantity 
(tables 1, 2, 3). However, the latter diffi- 
culty with pediaclones of Philodina is cur- 
rently being overcome, and the results ob- 
tained by maintenance of pediaclones for a 
prolonged period will be published shortly. 

In addition to geriaclones and pedia- 
clones there is a third class of orthoclones 
whose existence may at least theoretically 
be postulated. Thus, in Philodina it has 
been shown that a five day orthoclone is a 
pediaclone and an eight day and all older 
orthoclones are geriaclones. On the one 
hand there is the capacity to increase life 
span, while on the other there is the capac- 
ity to progressively reduce life span. An 
attempt is currently being made to deter- 
mine whether or not an “‘isoclone”’ exists; 
that is, an orthoclone of either six or seven. 
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day parentage which neither increases nor 
decreases life span. Current experiments 
suggest that the isoclone does not exist; 
there is a sharp transition from pedia- 
clonic to geriaclonic effect. This relatively 
abrupt shift seems to coincide with the time 
of cessation of growth. However, further 
data will be required to establish this point. 

A prime consideration is the nature of 
the cumulative aging effect obtained with 
geriaclones and the relation between this 
effect and aging in the individual. I have 
made the assumption that the cumulative 
factor transmitted through the ova of old 
parents, which shortens life span of the 
progeny, is a component of the aging proc- 
ess in the individual. 

With acceptance of this assumption, the 
orthoclone method may be used to evaluate 
the aging potential of any stage in the life 
span of the individual in which eggs are 
available for establishment of filial genera- 
tions. For example, the relative physiologic 
ages of 8 and 17 day old rotifers (Philodina 
citrina) can be analyzed by tracing ortho- 
clones of each. In this instance, both will be 
physiologically old, but, since the eight 
day orthoclone becomes extinct in eight 
generations and the seventeen day ortho- 


clone in three, the latter is physiologically- 


very much older than the eight day ortho- 
clone. 

We thus have a quantitative method for 
weighing chronologic and physiologic age 
in either individuals or species. Chronologic 
time fixes age of the orthoclone; the effect 
obtained is a measure of physiologic age. 
Orthoclonic selection progressively in- 
creases or decreases life span. If life span is 
increased by an orthoclone of a given age, 
an individual of that age is physiologically 
youthful; if, however, life span is decreased, 
the individual is physiologically senile. The 
number of generations required to produce 
extinction of this geriaclone indicates the 
degree of physiologic aging. 

The data that have been presented do 
not indicate in any way the nature of the 
cumulative change in geriaclones. This 
may constitute either a progressive loss or 


increase of some factor in aging cells. Of 
some bearing on this question is the ob- 
servation made during the course of the 
experiments that while eggs are almost 
invariably a dense yellow color and are 
deposited at the bottom of the pyrex de- 
pressions, the eggs of pediaclones are quite 
generally very pale, frequently float or de- 
scend to the bottom of the depression much 
more slowly than geriaclone eggs. This 
observation suggests that geriaclone eggs 
have a greater density than pediaclone eggs 
and tends to favor the view that cumula- 
tive aging involves an increase of some fac- 
tor. 

In further indirect support of the latter 
view are the observations of Lansing (4, 5, 
6) that calcium increases with age in the 
region of the cell cortex in a variety of 
organisms, and that reduction of the cal- 
cium content of the medium or experi- 
mental removal of calcium from the cells of 
the rotifer markedly increase longevity. 

If the assumption is valid that the aging 
pattern of the orthoclone is an expression 
of the physiologic aging potential of the 
individual, it would follow that younger 
than full-grown animals whose orthoclones 
increase life span do not contain the aging 
factor. 


SUMMARY 


A technique has been developed for trac- 
ing, under carefully standardized condi- 
tions, the effect of parental age on longev- 
ity of successive generations of progeny. 
The procedure employed depended upon 
development of successive generations of 
rotifers with uniform parental age in each 
generation; such a series of generations was 
designated an “orthoclone.” 

Old orthoclones show a decrease in mean 
life span as compared to the parental stock 
and all old orthoclones became extinct after 
a limited number of generations. Such 
orthoclones which transmit and cumulate 
the capacity to accelerate aging have been 


designated ‘‘geriaclones.”’ 


Young orthoclones maintain and increase 
life span through a series of generations; 


thes 

L 

crea 

clon 

fore 

long 

miss 

com 

indi 

indi 

cum 

1. Ce 

an 

2. D 

of 

3. Je 

ity 

{ 


ac- 


on 


A CUMULATIVE FACTOR IN AGING 239 


these have been designated ‘‘pediaclones.” 
Longevity of geriaclones may be in- 
creased by establishing an offshoot pedia- 
clone from a declining generation. There- 
fore, the transmissible and cumulative 
longevity decreasing effect is reversible. 
The assumption is made that the trans- 


missible and cumulative aging factor is a © 
component of the aging mechanism of the . 


individual; and accordingly, aging of the 
individual may involve a_ transmissible 
cumulative and reversible factor. 


REFERENCES 


1. Cowdry, E. V.: Problems of Ageing. Williams 
and Wilkins, Baltimore, 1942. 

2. Dhar, N. R.: Senescence, an Inherent Property 
of Animal Cells. Quart. Rev. Biol., 7: 68-76, 1932. 

3. Jennings, H. S., and Lynch, R. S.: Age, Mortal- 
ity, Fertility, and Individual Diversities in the 


Rotifer Proales Sordida Gosse. J. Exper. Zoil., 
50: 345-407, 1928. 


. Lansing, A. I.: Increase of Cortical Calcium with 


Age in the Cells of Elodea Canadensis. Biol. 
Bull., 82: 385-391, 1942. 


. Lansing, A. I.: Increase of Cortical Calcium 


with Age in the Cells of the Rotifer, Euchlanis 
Dilatata, the Planarian, Phagocata sp., and the 
Toad, Bufo Fowleri, as Shown by the Microin- 
cineration Technique. Biol. Bull., 82: 392-400, 
1942. 


. Lansing, A. I.: Some Effects of Hydrogen Ion 


Concentration, Total Salt Concentration, Cal- 
cium and Citrate on Longevity and Fecundity of 
the Rotifer. J. Exper. Zodl., 91: 195-211, 1942. 


. Schecter, V.: Calcium Reduction and the Pro- 


longation of Life in the Egg Cells of Arbacia 
Punctulata. Biol. Bull., 72: 366-376, 1937. 


. Sonneborn, T.. M.: Genetic Studies on Stenosto- 


mum Incaudatum (nov. spec.). I. The Nature 
and Origin of Differences among Individuals 
Formed During Vegetative Reproduction. J. 
Exper. Zoél., 57: 57-108, 1930. 


Submitted for publication July 1, 1947 
The author’s address is: 
Dr. ALBERT I. LANSING 
DEPARTMENT OF ANATOMY 
WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 


Sr. Louts 10, Missour1 


| 
be 
ob- 
the 4 
are 5 
de- 
lite 
de- 
his 
la- 
ter 
5, 
the 
of 
ar i- 
3 of 
ing 
ion 
the 
ger 
nes 
ing 
di- | 
ev- | 
ny. 
of 
ich 
vas 
an 
ck 
ter 
ich 
ate 
en 
ase 
ns; 


Bone Growth in Normal and 
Retarded Growth Rats 


LEROY L. BARNES, GLADYS SPERLING, anp C. M. McCAY 


TO DETERMINE THE RELATION OF RETARDED 
GROWTH TO AGING, Dr. BARNES, MIss 
SPERLING, AND Dr. McCay FOLLOWED THE 
GROWTH OF RATS FOR 1200 DAYS AND OB- 
SERVED THE RATE OF GROWTH OF THE TIBIA, 
THE APPEARANCE OF THE EPIPHYSEAL LINE 
IN THE TIBIA, THE RATIO OF THE BODY 
WEIGHT TO THE TIBIAL LENGTH, AND THE 
RATIO OF BODY LENGTH TO TIBIAL LENGTH. 
THE RATS WERE DIVIDED INTO FOUR 
GROUPS: (1) CONTROL, (2) RETARDED BY 
RESTRICTED DIET, (3) RETARDED 330 DAYS 
AND THEN REALIMENTED, AND (4) RE- 
TARDED 900 DAYS AND THEN REALIMENTED. 
THE TIBIA OF NO RETARDED GROWTH RAT 
GREW TO A FINAL LENGTH AS GREAT AS THE 
AVERAGE FINAL TIBIAL LENGTH OF THE 
CONTROLS. 


O= interest in bone growth in the rat 
stems largely from the questions 
which arise when weight increase is used as 
the sole criterion of growth. The studies 
reported here were made almost entirely on 
rats used to investigate the relation of re- 
tarded growth to aging. The details of the 
plan of the experiment, including the diets 


TIBIA LENGTH IN CMS. 


© CONTROLS 
RETARDED 
© RETARDED 330 Days 
x RETARDED 900 DAYS 


used, were presented by McCay, Sperling, 


_and Barnes (1). 


The bone growth measurements have 
been made on serial x-ray pictures of the 
legs of groups of rats and on full body pic- 
tures of groups sacrificed at intervals during 
the course of the experiment. 

Figure 1 shows the average tibia lengths 
as a function of age for four groups of male 
rats on this experiment. The upper curve is 
an average tibia growth curve for 19 male 
controls and the lowest an average for 10 
males retarded in growth throughout life. 
The first intermediate curve is that for 10 
males retarded for 330 days after which 
time they received all the food they would 
eat. The second intermediate curve is for 8 
males retarded for 900 days and then al- 
lowed unlimited food intake. 

Inspection of these curves will show that 
over the range of tibia lengths 3.05 to 3.45 
cm. the group which had been retarded for 
330 days showed the same rate of tibia 
growth as did the controls. This is not true 
of the tibias retarded 900 days. 

Similar curves for equal numbers of fe- 
male rats in these four groups are available 
but are not presented since they show no 
marked difference from those for the males. 

Figure 2 shows serial x-ray pictures of 
the tibias of four male rats representative 
of the four groups referred to in figure 1. In 
the case of the rat retarded in growth for 
330 days the appearance of the epiphyseal 
line in the pictures from 338 to 380 days is 
characteristic of the growing tibia and is 
similar to that of the tibia of the cor.trol rat 
in the age range from 43 to 109 days. The 
tibia of the rat retarded for 900 days shows 
a similar widening of the epiphyseal line 
over the age range 921 to 990 days. 

It has already been reported (1) that a 
small group of retarded growth rats was 
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chosen for realimentation at age 1150 days 
and that some of them showed a significant 
increase in tibia length during the next few 
weeks. However, there is little evidence in 
the x-ray picture of these tibias of any 
widening of the epiphyseal line. 

For a comparison of growth measured by 
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body weight and growth by tibia length, 
the ratios of the body weights to the tibia 
lengths (grams per centimeter) for these 
four groups of male rats have been plotted 
in figure 3. This ratio for the retarded 
growth rats, shown over the age range 260 
to 550 days, is nearly constant. For the con- 
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trols the ratio steadily increases and at age 
300 days is nearly four times its value at 21 
days of age. In the case of the two groups 
realimented at 300 and 900 days respec- 
tively, the rapid rise in this ratio is quite 
striking and it is noted that the initial rates 
of increase in the ratio for these two groups 
are nearly identical. 

A common question regarding retarda- 
tion of growth is whether or not different 
parts of the skeleton are retarded to the 
same extent. One aspect of this question is 
answered by the data shown in figure 4. 

X-ray pictures of the entire bodies of 
rats sacrificed at intervals during the ex- 
periment for pathologic and chemical 
studies provided a source for reliable 
measurements of body length. Body length 
is here defined as the distance from the base 
of the skull to the lower extremity of the 
pelvis. The ratio of this length to the tibia 
length, in the same animal, was taken as 
an index for comparison between retarded 
growth and control rats. 

Since no significant differences in this 
ratio were found between male and female 
rats within any group, the data in figure 4 
represent average values of the ratios of 
body length to tibia length for equal num- 
bers of males and females in each group. 
Each point for control rats is an average of 
the ratio for 8 rats and each of the others is 
an average for 10 retarded rats. The verti- 
cal lines through the points show average 
deviation from the mean and in no case 
was there any overlapping of values for 
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controls and retarded rats. While the 
differences here are not large, the data show 
quite clearly that the longitudinal growth 
of the spinal column is effected more by 
retardation than is the growth of the tibia. 
The points at 20 days and 74 days were ob- 
tained from normal rats from our stock 
colony after the conclusion of the retarded 
growth experiment. 


SUMMARY 


1. Tibias of rats retarded in growth for 
330 days resumed a normal growth rate for 
a period of about 40 days following reali- 
mentation. 

2. The tibias of all retarded growth rats 
realimented on or before 900 days of age 
grew and showed, in the x-ray pictures, 
widening of the epiphyseal line charac- 
teristic of the growth period. 

3. The tibias of some of the rats reali- 
mented at age 1150 days grew while others 
did not. 

4. The tibia of no retarded growth rat 
grew to a final length as great as the average 
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final tibia length of the controls. 

5. The initial rates of increase of the 
ratio of body weight to tibia length upon 
realimentation of rats retarded for 330 and 
900 days respectively, were about equal 
and much greater than the rate of increase 
of this ratio for the control rats at any time 
during their lives. 

6. The ratio of body weight to tibia 
length for retarded growth rats increased 
very slowly throughout the entire period 
of retardation. 

7. During the first 150 days of life the 
ratio of body length to tibia length for the 
control rats increased about 14 per cent but 
did not increase more than 5 per cent during 
the next 450 days. In the case of the re- 
tarded growth rats this ratio changed little 
if any during the first 200 days but slowly 
increased thereafter. 
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Calcium Requirements of Old and 


Y oung Hamsters and Rats 
G. G. KANE anp C. M. McCAY 


HAVING STUDIED THE ABILITY OF YOUNG 
AND OLD FEMALE HAMSTERS AND RATS TO 
RETAIN CALCIUM AFTER BEING FED THREE 
DIETS OF DIFFERENT LEVELS OF CALCIUM 
AND 0.4 PER CENT OF PHOSPHORUS, DR. 
KANE AND Dr. McCay HAVE CONCLUDED 
THAT THE OPTIMUM LEVEL AT WHICH THE 
OLD ANIMALS CAN REMAIN IN EQUILIBRIUM 
MUST BE BETWEEN 0.3 PER CENT AND 0.5 
PER CENT OF CALCIUM. 


HE aim of the present study was to 
find the needs for calcium of old and 
young animals. 

There are very few observations on the 
change, if any, in absorption of calcium 
with age and especially in the last one-third 
of the life span. Owen (1) studied the 
calcium balance of ten old male human 
subjects and concluded that deficiency of 
calcium in the diet was the cause of osteo- 
porosis in the old, as the needs of the old 
are the same as those of the normal adult. 

Kon and Henry (2) studied the absorp- 
tion of calcium with age in rats on a diet 
containing calcium, 0.129 per cent, phos- 
phorus, 0.229 per cent. They found that 
the absorption of calcium from the diet 
between the ages of 4 to 8 weeks was 96 
per cent, between 20 to 30 weeks, 25 per 
cent, between 56 to 60 weeks 15 per cent, 
and at the age of 93 to 97 weeks the animals 
were in negative balance. The animals be- 
tween the ages of 102 to 104 weeks in 
another group could be kept in equilibrium 
on a diet containing calcium, 0.4626 per 
cent, and phosphorus, 0.6022 per cent. 

Hoffjorgensen (3) found that the absorp- 
tion of calcium in dogs decreases as they 
increase in age from 70 to 240 days. This 
observation, however, was made during 
the first year of life and not in the senile 
period. 


METHOD 


The animals were studied in four groups 
of nine animals each: 

(1) old female rats, age 589 to 663 days, 

(2) young female rats, age 43 to 49 days, 

(3) old female hamsters, age 498 to 604 days, and 

(4) young female hamsters, age 52 days. 

In order to study each of the groups on 
three calcium levels under identical condi- 
tions each group was divided into three 
subgroups on diets containing: 

(a) calcium 0.3 per cent, phosphorus 0.4 per cent, 

(b) calcium 0.5 per cent, phosphorus 0.4 per cent, 


and 
(c) calcium 0.7 per cent, phosphorus 0.4 per cent. 


The basal diet consisted of uncooked 


corn starch 39, medium fat soya flour (7 | 


per cent fat) 20, casein 10, yeast (vitamin 
D 50 I.U. per gram) 8, corn oil 19, and salt 
mixture 4. 

The diet without the addition of a salt 
mixture contained calcium, 0.15 per cent 
and phosphorus, 0.14 per cent. In order to 
adjust the diet to three levels of calcium, 
three salt mixtures were prepared: 

(a) Ca 0.3 per cent, P 0.4 per cent 


108 gm. 
NaCl 92 gm. 
Ca and P free salt mixture* 200 gm. 
Total 400 gm. 

(b) Ca 0.5 per cent, P 0.4 per cent 
Ca(H.PO,)2:3H,O 108 gm. 
CaCO; 50 gm. 
NaCl 42 gm. 
Ca and P free salt mixture* 200 gm. 
Total 400 gm 

(c) Ca 0.7 per cent, P 0.4 per cent 
Ca(H2PO,)2- 3H.0 108 gm 
CaCO; 100 gm 
Ca and P free salt mixture 192 gm 
Total 400 gm. 


* The same as used by Adolph and associates (4) 
using chlorides in place of phosphates. 
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CALCIUM REQUIREMENTS 
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In addition the animals were given fresh 
oat sprouts in quantities equal to about one 
per cent of the dry matter of the diet. Since 
sprouted oats were poor in calcium no ac- 
count was taken of the amount. (Found in 
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the dry matter—calcium, 0.15 per cent, 
phosphorus, 0.15 per cent.) 

All animals were also given cod liver oil 
of the following potency, 1800 I.U. of vita- 
min A and 180 I.U. of vitamin D per gram. 
The quantity used was 0.1 gram per hun- 
dred grams of body weight, twice weekly. 

The animals were kept on the diet con- 
taining the desired calcium level for four 
days prior to the collection period. The 
feces and urine were then collected for a 
period of ten days. The feces were made 
into a slurry and dried to constant weight. 
The urine was made up to a known volume 
with distilled water. 

For calcium determination in the feces 
the method of Corley and Denis (5) was 
followed and in the urine that of Shohl and 
Pedley (6). Calcium determinations were 
made using excretions from individuals for 
ten days while phosphorus determinations 
were made upon the pooled excreta for the 
sub-group of three. 

The pooled sample of the feces and urine 
of animals on the same diet in each of the 
sub-groups was prepared by taking the 
same fraction of each of the samples of 
that sub-group and was analyzed for phos- 


TABLE 1 (Group I). CaALctum ABSORPTION OF OLD FEMALE Rats 


Rat Age Ca Ca Total ; Ca Total : 
No in in in Ca in food Ca Retention 
: days feces urine excreted _ ingested absorbed 
Mgs Mgs. Mgs. Mgs. Mgs. % 
Diet containing Ca 0.3%, P 0.4% 
152 589 112 11 123 90 —33 loss 
241 663 116 12 128 96 —32 loss 
142 598 113 10 123 93 —30 loss 
Diet containing Ca 0.5%, P 0.4% 
140 598 “140 10 150 150 -- in balance 
157 587 141 10 151 150 —_ in balance 
256* 662 65 15 80 50 —30 loss 
Diet containing Ca 0.7%, P 0.4% 
162 585 201 10 211 210 —_ in balance 
144 597 200 10 210 210 —- in balance 
238 663 208 10 218 210 == in balance 


* No. 256 died one day before the study was completed and had not eaten the food for the five previous 
days. 
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TABLE 2 (Group II). Catcrum ABSORPTION OF YOUNG FEMALE Rats 


Rat Age Ca Ca Total Ca in Total 
No in in in Ca food Ca Retention ster 
: days feces urine excreted ingested absorbed No. 
Mgs. Mgs. Megs. Mgs. Mgs. % 
Diet containing Ca 0.3%, P 0.4% 
1 49 16 6 22 180 158 88 1 
2 43 16 6 22 180 158 88 2 
3 43 16 6 22 180 158 88 3 
Diet containing Ca 0.5%, P 0.4% 
4 43 28 6 34 300 266 88 4 
5 43 29 6 35 300 265 88 5 
6 49 28 6 34 300 266 88 6 
Diet containing Ca 0.7%, P 0.4% 
7 49 42 7 49 420 371 88 7 
8 43 43 7 50 420 370 88 8 
9 43 43 7 50 420 370 88 9 
phorus by the method of Youngberg and RESULTS they. 
(7) oxidizing The data from these studies are sum- | _indiv: 
yer “7 mixture of 1:1 nitric and sulphuric marized in tables 1 to 5. The values for hams 
s1 to 4. varia’ 
Except for the death of two old hamsters calcium are found in tables 1 t Th 
because of lung disease and uterine abscess he data on the pooled samples for — 
while in the adjustment period and of one Phosphorus is given in table 5. 
old rat, also due to lung trouble, on the last —‘Im table 1 it can be seen that the old rats 
day of the collection period, there were no could not remain in calcium equilibrium on 
losses. diets containing 0.3 per cent calcium, while 
TABLE 3 (Group III). CatcrtuM ABSORPTION OF OLD FEMALE HAMSTERS ena 
Ham- Age Ca Ca Total Ca in Total 
ster in in in Ca food Ca Retention (a) 
No. days feces urine excreted ingested absorbed (b) 
(c) 
Mgs Mgs. Mgs. Mgs. Mgs % 
Diet containing Ca 0.3%, P 0.4% 
19 498 160 16 176 135 —41 loss (a) 
25 498 161 17 178 135 —43 loss (b) 
12 541 169 15 184 135 —49 loss (c) 
Diet containing Ca 0.5%, P 0.4% ; 
27 494 206 20 226 225 — in balance (a) 
24 498 210 18 228 225 —_— in balance (b) 
(c) 
Diet containing Ca 0.7%, P 0.4% 
5 604 308 12 320 315 —5 in balance (a) 
22 498 300 16 316 315 — in balance (b) 
(c) 
* Two hamsters, one in each of the last two groups, died in the adjustment ties and results could Gro’ 


not be obtained. 


The percentage of P in all diets was 0.4. 


CALCIUM REQUIREMENTS 247 
TABLE 4 (Group IV). CaLcruM ABSORPTION OF YOUNG FEMALE HAMSTERS 
<_< Ham- Age Ca Ca Total Ca in Total 
ion ster in in in Ca food Ca Retention 
No days feces urine excreted ingested absorbed 
Mgs Mgs. Mgs. Mgs. Mgs. % 
Diet containing Ca 0.3%, P 0.4% 
1 52 30 6 36 180 141 80 
2 52 31 6 37 180 143 80 
3 52 30 6 36 180 144 80 
Diet containing Ca 0.5%, P 0.4% 
4 52 66 6 72 305 233 76 
5 52 67 6 73 310 237 76 
6 52 65 6 71 300 229 76 
Diet containing Ca 0.7%, P 0.4% 
7 52 84 6 90 420 320 76 
8 52 83 6 89 420 331 76 
9 52 80 6 86 427 341 76 
they could do so on higher levels except for cium even at low levels, and the percent- 
um- | individual variations (no. 256). The old age of retention is nearly unaffected by 
for hamsters (table 3) show the same type of concentration (tables 2 and 4). On the same 
variation. level the young rats absorb more calcium 
for The young animals seem to absorb cal- (88%) than young hamsters (78%). 
rats TABLE 5 
1 on 
hile Total P Total P Total P pe Total P 
feces urine excreted inguated absorbed 
— Mgs Mgs Mgs Mgs Mgs 
Young Hamsters 
(a) 149 | 50 199 720 521 
(b) 87 25 112 732 620 
— (c) 86 23 109 724 615 
Young Rats 
(a) 120 40 160 720 560 
(b) 81 26 107 720 613 
(c) 79 29 108 720 612 
Old Hamsters 
(a) 280 254 535 540 -= 
(b) 191 172 363 360 = 
(c) 182 175 357 360 ~- 
Old Rats 
(a) 155 212 377 372 _ 
(b) 122 161 283 280 —- 
(c) 143 157 302 300 _- 
yuld Groups (a), (b), and (c) were on diets containing Ca 0.3%, 0.5%, and 0.7% respectively, in all the diets. 
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The fact that the old animals are excret- 
ing more calcium in the feces than that in- 
gested suggests that there is defective ab- 
sorption. 

Animals on the diet containing 0.3 per 
cent calcium are in negative balance while 
those on the diet containing 0.5 per cent 
calcium are in equilibrium. There is no re- 
tention even on high levels (0.7%). This 
suggests that there must be an optimum 
level between 0.3 and 0.5 per cent calcium 
which can keep the animals in equilibrium. 

Experiments are in progress in this 
laboratory to determine the optimum level 
which is necessary to keep the old animals 
in equilibrium, as well as to find the com- 
pound in which the calcium will be ab- 
sorbed most efficiently in the old. 


SUMMARY 


The absorption of calcium was studied 
on young and old female hamsters and rats. 
The young animals were between 43 to 52 
days old, and the old animals between 500 
to 600 days old. They were studied on a 
basal diet consisting of corn starch 39 per 
cent, high fat soya flour 20, yeast 8, casein 
10, corn oil 19, and salt mixture consisting 
of Ca(H»PO,)2.3H:0, CaCO;, and a salt 
mixture free of calcium and phosphorus, 
(essentially the same as used by Adolph in 
1938) using chlorides instead of phosphates 
in varying quantities to give three diets of 
different levels of calcium, namely, 0.3 per 


cent, 0.5 per cent, and 0.7 per cent, and 
phosphorus 0.4 per cent. The diet was 
adequately supplemented by oat sprouts 
and cod liver oil for vitamins. 

The young rats could absorb about 88 
per cent of calcium of the diet while the 
young hamsters absorbed about 78 per 
cent. The old animals were in negative 
balance when calcium was 0.3 per cent in 
the diet, and in equilibrium when 0.5 per 
cent; further increase of calcium up to 0.7 
per cent did not give any retention. 

It is concluded that the optimum level 
at which the old animals can remain in 
equilibrium must be between 0.3 per cent 
and 0.5 per cent of calcium. 
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Never too Late to Create 


At 74, without training or direction, and 
with only a penknife and a ten cent set of 
paints as tools, a man began to carve and 
paint bird figures. Three years later, 
perched on live tree branches, his birds won 
him a blue ribbon at a Hobby Show for 
Older Persons. 

Perhaps he too had felt he was too old to 
learn something new, too old to gain the 
satisfaction of making something with his 
hands, too old to be productive. Today he 
has the satisfaction of knowing that he is 
useful and that his work is worthy of exhi- 
bition. He knows too that he, along with 
the other five hundred exhibitors, gave 
pleasure to the 3,000 visitors, stimulated 
some of them to take up hobbies of their 
own, encouraged homes for old people and 
groups not represented at the Show to start 
handiwork programs, and made the older 
people, after experiencing the importance 
placed upon their work, proud to be old! 

The Hobby Show for Older Persons, held 
May 12 through 14, was sponsored by the 
Welfare Council of New York City. Five 
classifications of exhibitors were repre- 
sented: old age homes, social agencies deal- 
ing with the handicapped aged, hospitals 
for the aged, recreational clubs and settle- 
ment house groups for older people, and 


elderly people in the community with no 
particular affiliation. The latter group, un- 
accustomed to bazaars, derived the most 
benefit from the Show, and although they 
lacked encouragement from handicraft 
leaders, presented the most unusual and 
skillful exhibits. 

Exhibits from old age homes for women 
consisted chiefly of needlework, whereas 
hospitals and homes that employ occupa- 
tional therapists showed a greater variety 
of articles (ceramics, metalcraft, novelty 
articles, shellcraft, weaving, and leather- 
work). Recreational centers produced more 
exhibits in carpentry, oil paintings and wa- 
ter colors, artificial flowers, leather belts, 
and ceramics. Institutions for the blind ex- 
celled in metalcraft and pottery. 

The average age of the exhibitors was 
seventy-five, but the oldest contributor 
was ninety-two. With only limited vision, 
she produced delicate floral decorations on 
black lacquered boxes. An unusually well 
made crewel embroidery was exhibited by 
a home on behalf of a late resident who 
made the exhibit three years before she 
died—at 107. 

The Show was planned to demonstrate 
conclusively to the public that elderly 
people are and can be productive, and that 
retirement dces not mean that they are 


x... 


The establishment of the JOURNAL OF GERONTOLOGY has been made possible by 
a grant from the Josiah Macy, Jr. Foundation in support of the editorial office. 


2. 


The hieroglyphics, ‘‘The Beginning of the Book for Transforming an Old Man 
into a Youth,” at the top of this editorial page, are from the Edwin Smith Surgical 
Papyrus, translated by Professor John Breasted, University of Chicago Press. 
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through with living or with the satisfactions 
that make life worthwhile. Frequently a 
new hobby, the discovery of a latent talent, 
may mean the beginning of a new life. Older 
people are finding that they can keep on 
growing, changing, and developing new 
talents to enrich their lives. 

The Show is to be held annually. Plans 
to hold next year’s Show on an even 
larger scale are already being made, accord- 
ing to Mrs. Ruth Laverty, Chairman of the 
Show. Perhaps the success of this Show 
will inspire other cities to organize Hobby 
Shows, New York’s slogan, “It’s Never Too 
Late to Create” spurring them on. 


The Fifth Commandment and 
Our Old People 


The editor of Life, too, focuses attention 
on our 10,000,000 men and women over 65 
years of age. 

Less than a million of these have inde- 
pendent income, which rules out for most 
such utopias as Orlando, recommended by 
the Dusenburys, at $150 a month. 

- About four million subsist on some form 
of organized handout, which usually means 
winding up in some kind of public or pri- 
vate poorhouse of squalor and brutality 
and with a long waiting list. And those who 
cannot secure admission? They die alone. 

But a third of the 10,000,000 old people 
are still productive, useful, healthy, and as 
their number mounts to 19,000,000 in 1980, 
society will be unable to do without their 
productive power. 

As for housing for our elders, Life’s 
editor recommends Orlando, if they can get 
it, but definitely rules out the poorhouse. 
Special dwelling units should be en- 
couraged, he believes, and more of the old 
should live with their families—an arrange- 
ment which would be facilitated if the old 
folks remember the Golden Rule and the 
young folks remember the Fifth Command- 


ment, 


JOURNAL OF GERONTOLOGY 


The Good and the Bad in the 
Care of the Aged 


Many social workers question the ad- 
visability of congregate living for the old. 
They visualize specially designed apart- 
ment buildings and public housing projects, 
foster homes and supervised housekeeper 
services for those with a sense of independ- 
ence and physical ability to care for them- 
selves. Such individualized care of the 
elderly is not a reality—it is only a bright 
vision, a goal to be attained. 

The best in congregate living is exempli- 
fied by Ward Manor, according to an 
article in Fortune. One of 1,500 voluntary 
homes for the aged in the United States, 
Ward Manor is situated amid woodlands 
and rolling meadows near the Hudson in 
New York. Just before World War I the 
gray-stone Tudor manor house, turreted 
Tudor gate lodge, farm buildings and 
tenant houses were finished, the barns 
stocked, the grounds landscaped. But the 
owner changed his mind and decided to 
live elsewhere. For ten years the manor was 
occupied only by a caretaker. The fields 
were neglected, paths overgrown, orchards 
untended. 

Then in 1925 William B. Ward bought 
the property and presented it to the New 
York Association for Improving the Con- 
dition of the Poor (now part of the Com- 
munity Service Society) for the permanent 
care of elderly people. 

Admission to Ward Manor is as coveted 
as membership in an exclusive country 
club. Sometimes it takes five years to work 
up the list of applications—there are 341 
names on it now—to become one of the 90 
guests. Only 307 of the total of 1,960 ap- 
plicants have been admitted in the twenty 
years since it opened. There is no entrance 
fee, no racial, religious, or geographic re- 
striction. The only requirements are that 
the guest’s health be good enough so 
that he or she can take care of himself and 
come to meals and that he be in need— 
financially or spiritually. 

On entrance they submit a statement of 
their assets and leave them, by will, to the 
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society. They are allowed to draw $15 a 
month of their own money for clothing and 
incidentals. If they have nothing, the 
society provides them with adequate cloth- 
ing and $5 a month. The cost of maintain- 
ing each person is $850 a year. Operating 
expenses in 1945 were $80,000, income 
from the endowment fund $61,000. The 
deficit was met by regular contributors. 

The basic tenet of the Ward Manor 
code is to treat old people as dignified indi- 
viduals. They are not required to work for 
their keep, but they are urged to help 
around the buildings and gardens if they 
are able in order to preserve a feeling of 
independence. 

Generally speaking, the men and women 
who accept the idea that Ward Manor is 
their home, and try to make it a pleasant 
place, are the happiest. Of course, there 
are rebels—those who are unable to make a 
satisfactory adjustment to group living, to 
a reduced station in life, to old age, or to the 


accumulated frustrations of a lifetime. 


Ward Manor is not the solution to the 
problem of caring for the aged. Yet had all 
homes for the elderly been as well organ- 
ized, Edith Stern’s article in the Woman’s 
Home Companion would not have been 
entitled “Buried Alive!” She visited 
homes, public and private, large and small, 
in the eastern third of the United States. 
She deliberately avoided seeing the worst 
county homes in order to report on what 
was typical, not exceptional. Of all the 
places she inspected over a period of six 
months, only three merited her approval. 

Needy aged are relegated to public in- 
stitutions only slightly less moldy than the 
grave, and wealthy patients who can afford 
$150 a week for private nursing home care 
get only slightly better treatment, she 
found. 

One of the institutions she describes is 
a county home in Ohio where she asked to 
see the annex, built before the Civil war 
and “modernized in 1892.” 

“The first room was not unlike the dor- 
mitories in the main building. There were 
the same grimy unadorned walls, the same 


curtainless windows with cracked torn 
shades and the same chipped enamel beds 
with lumpy straw mattresses on which 
old men in ragged stained clothing lay 
sprawled. Then my guides unlocked a door 
and turned a corner. 

“The stench of that corridor is still in my 
nostrils. Along each side were narrow cages 
of cross-barred metal, each just big enough 
to hold a cot, a chair, a stained toilet or 
open commode and an old man quiet as 
the furniture.” 

Miss Stern suggests six ways in which 
citizens of our United States can help im- 
prove the care of the aged: 

1) Keep older members of the family at 
home if possible. 

2) Take one or two older persons into 
your home as paying guests. 

3) Check entrance requirements, if you 
are a contributor to a private home, to see 
that they are liberal. 

4) Visit the publicly supported home in 
your community and campaign against 
unsatisfactory conditions. If your com- 
munity is converting almshouses into 
nursing homes, insist upon medical super- 
vision. 

5) Campaign to get licensing laws passed 
if your state does not license nursing homes. 
Adequate inspection should include an 
educational program to create better 
places, not just policing to close down 
poor ones. 

6) Remember you cannot generalize 
about old people and that their needs vary. 
The more they are left free to make their 
own decisions and to feel independent and 
productive, the younger, healthier, and 
happier they will stay. — 


A Man’s Progress through 
Life Told in Music 


César Franck’s Sonata in A major for 
violin and piano, a work of great loveliness, 
has been likened to the symbol of the life of 
a man. The first movement is characterized 
by a melody of mystic contemplation, 
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tinged with pensive longing and wonder- 
ing, the dreams of romantic youth. The 
vague questionings give way in the second 
movement to a theme stormy and turbu- 
lent depicting the struggles and difficulties 
which are finally conquered as the move- 
ment ends with victory over worldly strife. 

The philosophic meditations of a mature 
man form the basis of the third movement, 
gloomy, melancholy, filled with unfathom- 
able sadness. Then, unheralded, the grace- 
ful line of the fourth movement, cheerful 
and confident, is heard as a melodic canon. 
The doubts and stormy questionings of the 
earlier movements are overcome, and the 
sonata ends, proclaiming the exultant song 
of final victory. 

It is interesting to note that César 
Franck’s most famous musical composi- 
tions, including this sonata, were all pro- 
duced during the last ten years of his life, 
after his fifty-eighth year. It is possible that 
here he has poured forth his own life story 
and philosophy, his achievement of final 


victory. 
| 


The Best Years of a 
Woman’s Life? 


Two out of five R eader-Reporters of the 
Woman’s Home Companion say that the 
years between thirty and forty are best. 
The twenties rate next with one in four 
votes. One in five says the years between 
forty and forty-nine; one in a dozen thinks 
the fifties are fine; and just one in every 
fifty would like to be in her sixties. 

Probably most of the reporters feel that 
the years they are in are best. However, 
some wish they were younger—some wish 
they were older. 

Most of those who think thirty to thirty- 
nine the best years of a woman’s life gener- 
ally agree that it is because she is fairly well 
settled and knows what she wants from 
life; that mentally she is fully grown—and 
that the children are still at home. She is 
neither too young nor too old. 

To those who would like to be in their 
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twenties, getting married and having 
children are the attractions. 

Those who prefer the forties believe that 
by that time small things are not taken too 
seriously, the children are grown, experi- 
ence has taught the real values, and a 
woman is stil young enough to enjoy and 
utilize the knowledge she has gained. 

Some feel that the fifties are the time for 
sports, to enjoy what she has gained ma- 
terially, to read and travel without “‘worry- 
ing about the next meal in the oven or the 
babies in the crib.” 

That small sprinkling of reporters who 
vote for the sixties believe it is the time for 
living gracefully and enjoying the fruits of 
youthful efforts. 

Further proof that American women are 
growing up on the subject of age is fur- 
nished by a recent national poll which estab- 
lished Ingrid Bergman, Greer Garson, 
Bette Davis, Claudette Colbert, and Irene 
Dunne as the five favorite motion picture 
actresses. One of these is past 30, one 40, 
and three over 40. Of course, writes Ida 
Jean Kain in her syndicated column, they 
use every means to extend their best years, 
knowing that to keep physically and 
mentally healthy is to stay young. Middle 
age spread is not inevitable, and the added 
years should bring more charm, not less, 
believes Miss Kain. “No woman should 
ever wish to be younger. That is the same 
as cheating herself out of valuable experi- 
ience . . . experience she has worked for 
and earned.” Or, as one actress expressed 
it, “time isn’t passing, it’s arriving.” 


Why Do We Neglect 
Our Old People? 


We place the care of our children on a 
high level. It is just as important that we 
take good care of our old people. 

The contrast between the two, care of 
children and the aged, is emphasized in 
The News, published by the Presbyterian 
Home of Centra] Pennsylvania. At a recent 
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meeting of the National Conference of 
Social Work in Buffalo, the program in- 
cluded eighty-one addresses on the subject 
of child care, all of which were crowded, 
but only a dozen addresses on the care of 
the aging, and these were scarcely noticed. 
The care of the aging is probably the only 
type of social work for which there is no 
organization on a nation-wide basis in the 
United States. Until 1946 there was no 
state organization devoted to the problems 
of the aging in Pennsylvania. 

The Pennsylvania Department of Wel- 
fare sends field representatives to inspect 
homes for children, but has no one who is 
familiar with the 170 private homes for the 
aged. In contrast with many schools and 
recreation centers for children, there are 
very few for the aged, although Philadel- 
phia’s Recreation Center for the Aged is 
pioneering in that field. In medical care 
the care of the aging is the most neglected 
field. 

In philanthropy children’s institutions 
have a much stronger sentimental appeal 
and are one of the strongest magnets for 
bequests—the Presbyterian Orphanage in 
Philadelphia is a $5,000,000 institution— 
the Presbyterian Home for the Aged is 
worth only $330,000. In the church, too, 
the elderly have been neglected. Realizing 
this deficiency, however, the Federal Coun- 
cil of Churches recently appointed a Com- 
mission on Religion and Health to make a 
two year study of the religious ministry to 


older people. 


Jewish Old Age Homes 


The course of long range planning needed 
for the increasing number of aged Jewish 
people in New York is charted by a recent 
survey by the Central Bureau of the Jewish 
Aged, an agency organized in 1945. 

Only a few decades ago, as was to be 
expected of a comparatively recent immi- 
grant group, the proportion of people 65 
years of age in the Jewish group in New 
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York was only slightly more than 2 per cent 
as compared with nearly 4 per cent in the 
New York City population as a whole. How- 
ever, with the end of mass migration, the 
Jewish population developed along the 
same lines as the rest of the porulation, so 
that at present the ratio of Jewish aged 
approximates the ratio of all aged to the 
total population. It is assumed that there 
are now approximately 140,000 aged Jews 
in New York City comprising about 27 per 
cent of the total aged population. 

The Survey showed that the need for 
care for these old people who are not living 
with their families is met only partially by 
existing facilities: private homes for the 
aged, city homes, nursing homes, and non- 
institutional care. 

The survey recommends that those who 
are able, physically and mentally, to live 
in the community be helped to do so in 
order to foster their needed sense of inde- 
pendence. 

For the group who now or may in the 
near future need institutional care, it is 
suggested that the following various com- 
munity services be made available to them: 
professionally supervised nursing homes, 
boarding arrangements with a private 
family, congregate boarding arrangements, 
in public and private housing, medical care, 
case work services, visiting housekeeper 
service, visiting nurse service, occupational 
therapy, and recreation centers. 

The group now living in institutions is 
divided into four categories: the well, the 
infirm or handicapped aged in need of 
supervision, the chronic ill who require 
hospitalization, and the senile. For this 
group it is urged: 

1. That every institution study its wait- 
ing list with the view of exercising greater 
selectivity in the admission of patients, 
giving preference to those who are in great- 
est need of institutional care. 

2. That the admission policy of every 
institution be clearly defined and so inter- 
preted as will best meet the needs of the 
community. 

3. That every institution serving any or 
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all the four categories examine its services 
in order to insure that everything is being 
done to improve the care rendered to the 
patients. 

4. That institutions, in planning their 
expansion, elect which or which combina- 
tion of the above four categories they will 
serve. 

_5. That a standing coordinating com- 
mittee be appointed for cooperative study 
of the proposed individual plans of the 
institutions and to make concrete sug- 
gestions as to how best they may serve the 
total community needs. 

Of the homes reporting in this survey, the 
Brooklyn Hebrew Home and Hospital for 
the Aged has the largest number of appli- 
cations and total bed capacity, the number 
of beds having increased from 109 to 711. 
Plans are being made for the construction 
of a new building with 400 beds and 
modernization of the older properties. 


* * * 


From a home rented for $28.00 a month 
and supported in part by dues of approxi- 
mately forty cents each month from the 
twelve charter members of the Ladies He- 
brew Union Aid Association, the Jewish 
Home for the Aged in Providence, Rhode 
Island, has grown in the thirty-five years 
since its foundation into an enterprise with 
a total income of $49,077 and a net operat- 
ing gain for 1946 of $1,945. 

The income is derived from membership 
dues, payments for residents, Old Age 
Assistance, donations, contributions from 
the Ladies Association, and from the 
Souvenir Journal. The capacity of the 
Home is being increased by more than 70 
per cent, and an infirmary for the chron- 
ically ill is being added, and when com- 
pleted, it is estimated that the budget will 
be increased from $47,000 to $75,000. 

Any Jewish man who is 65 years old or 
more, and any woman who is 60 years old 
or more and has lived in the state for two 
years is eligible. At present there are 48 
residents, most of whom pay only a fraction 
of their maintenance cost. 

The Home is conducting a membership 
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drive so that they will have a steady income 
to guarantee efficient operation and elimi- 
nate the necessity of special fund-raising 


efforts. 
B 


Social Security 


The House voted without dissent in June 
to hold the old age insurance tax at one per 
cent for two more years. The new legisla- 
tion provides for an increase in the tax to 
1.5 per cent against wages and payrolls in 


1950, and to 2 per cent in 1957 and there- 


after. 

Without the freeze, the security levy 
would jump automatically from one per 
cent against employees’ wages and em- 
ployers’ payrolls to 2.5 per cent against 
each starting the first of next year. 

The present one per cent rate collects 
about $1,500,000,000 annually and has 
accumulated $8,700,000,000 in the security 
trust fund. 


Elders in the News 


Said to be the nation’s oldest Civil War 
veteran, James A. Hard, 105 years old, 
of Rochester, New York, was the only one 
of the few remaining New York wearers 
of the blue who was able to attend the con- 
vention of the G.A.R. and five affiliated 
organizations. He sat alone at the annual 
New York state encampment of the Grand 
Army of the Republic at Lake Placid, at 
which he was the sole G.A.R. delegate. 


* * * 


Official recognition as the oldest woman 
in France was given Madame Sablon in 
Paris by the Government of France on her 
105th birthday. She was awarded the cross 
of the Knight of the Legion of Honor. 


* * * 
At 102, age is only a minor matter of 


chronology to the president of The Hub on 
Chicago’s State Street. Henry C. Lytton 
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CURRENT COMMENT 


looks like a man of 80, talks like a man of 
60, and dresses like a man of 40. Each day 
he makes a tour of the sales floors of his 
store, and then later, at his desk on the 
eighteenth floor, he issues orders with 
firmness and decision. His only infirmities 
are an annoying deafness and the loss of 
sight in one eye. His hair is hardly gray. 
“I have survived four wars, five panics, and 
innumerable calamities, including the Chi- 
cago fire,” Lytton is fond of saying. ‘I have 
seen this nation recover from each of them 
and go forward to a better way of life. The 
yesterdays were all right, but the tomor- 
rows look even better.” 


* * * 


It is never too late to marry—Moses S. 
Lane, 98 years old, was married for the 
fourth time in June. “‘Life is just beginning 
for me,” said the weal’hy retired contrac- 
tor of Long Beach, California. 


* * * 


Patric Flood flew to Ireland to end his 
days in the village where he was born 
ninety years ago—but soon flew back to the 
United States to enjoy the comforts of 
central heating. 

* * * 

In May the Medical Society of the State 
of New York honored 400 old members who 
had practiced for at least fifty years. 
Among these old gentlemen was 91-year-old 
Dr. James Stoddart of Buffalo who has 
practiced for fifty-nine years. He now sees 
only two or three elderly patients each day, 
most of whom he delivered as babies. How- 
ever, Dr. James H. Whaley, 86, of Rome, 
New York, still treats quite a few patients 
in his office at his home and is still hard at 
work as physician for the New York Central 
Railroad. 


* * * 


Only a few years ago, Grandma Moses, a 
spry 86-year-old artist, was selling her 
pictures, along with her canned fruit, at a 
Massachusetts county fair. She had been 
making yarn pictures, but her fingers be- 
came too stiff for sewing and she turned to 
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oils. Just by chance an authority on Ameri- 
can primitive art saw her work and recog- 
nized her talent. Since then she has become 
famous in the art world, has held exhibi- 
tions, and recently published a book illus- 
trated with her p.ctures. 


* * * 


At 81, “Doc” Lloyd at Winona, Mis- 
souri, still opens his drugstore at 6:00 A.M. 
every day. The village druggist for fifty- 
two years, his working hours used to be 
until 9:00 p.m. Now, although he does not 
want anyone to think he is slipping, he 
goes home at 5:00 P.M., unless business is 
rushing, to work in the garden, which is his 
pride. 

* * * 

England’s Queen Mary, at 80, still keeps 
up with her busy schedule of visits and 
often walks miles on tours of inspection. 

* * * 

Alfred P. Cate of Fitchburg, Massa- 
chusetts, has invented a bathtub with a 
door in the side. The door is twenty inches 
wide and swings outward, When closed, 
rubber gaskets prevent leakage. “My 
mother slipped and fell while climbing into 
a regular bathtub once,” the 70-year-old 
former hospital attendant explained, ‘‘so 
I’ve invented a tub with a door to aid the 
aged, the crippled, the young, and the 
lazy.” 

* * * 


And then there is Miss Florence E. Dolph 
of Scranton, Pennsylvania, who slid down 
a bannister rail in her home to celebrate 
her 100th birthday and to prove “that you 
can have pep at 100.” 


News and Notes 


CoursEs oF INsTRUCTION—New York 
University offered a summer course, Coun- 
selling the Older Person, given by Dr. 
George Lawton. The course dealt with the 
older person at work, in the family, the 
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community, and the institution, the 
changes with age and the methods for 
dealing with these changes constructively, 
the principles of old age rehabilitation, and 
case histories and demonstrations. 
Columbia University gave a Summer 
Institute Group Interests with Older Peo- 
ple. The Institute focussed attention on the 
psychologic and social needs of older people 
as they may be met through group activity. 
GERIATRIC RESEARCH LABORATORY— 
The first research laboratory in New York 
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City devoted wholly to the study of geri- 
atrics was opened January 1 in the Brook- 
lyn Hebrew Home and Hospital for the 
Aged; it was created by the Dora Brerner 
Research Fund. Attempt is being made to 
learn the processes of mental slowing down 
as man passes three score years, The special 
problems of surgery, diet, dermatitis, and 


‘ambulatory illnesses are subjects. of study. 


MEETINGS—The Gerontology Study 
Section, National Institute of Health, will 
meet in Washington, D. C., September 29. 
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Activities of the Gerontology Study Section of the 
United States Public Health Service 


N. W. SHOCK 


The Research Grants Division of the 
National Institute of Health was estab- 
lished late in 1945 to administer a program 
of research grants-in-aid authorized by the 
Congress in Public Law 410 (78th Con- 
gress). This law states: ‘The Surgeon 
General shall conduct in the Service, and 
encourage, cooperate with, and render 
assistance to other appropriate public 
authorities, scientific institutions, and 
scientists, in the conduct of research, inves- 
tigations, experiments, demonstrations, 
and studies relating to the causes, diagno- 
sis, treatment, control, and prevention of 
the physical and mental diseases and im- 
pairments of man...” | 

In this law and subsequent amendments 
the Surgeon General was authorized to 
“make grants-in-aid to universities, hos- 
pitals, laboratories, and other public or 
private institutions, and to individuals,” 
for such research projects as are recom- 
mended by the National Advisory Health 
Council, the National Advisory Cancer 
Council, and the National Advisory Men- 
tal Health Council. 


The National Advisory Health Council 
consists of fourteen members. (For mem- 
bership of the Council see C. J. Van 
Slyke, Science, 104, 559-567, Dec. 13, 
1946.) This Council makes recommenda- 
tions regarding all research grants except 
those relating specifically to research in 
the fields of cancer and mental health. 
Membership on this Council is for a period 
of five years; two new members are ap- 
pointed each year to replace two retiring 
members. 

At the request of the Advisory Councils, 
special Study Sections in more than twenty 
major research categories have been estab- 
lished. Each Study Section is made up of 
consultant experts in the given research 
area, chosen from universities, hospitals, 
laboratories, and other public or private 
institutions throughout the country. Most 
Study Sections include a representative of 
the Army, the Navy, the Veterans’ Ad- 
ministration, and the Public Health Serv- 
ice. The member from the Public Health 
Service serves as the executive secretary of 
each Section. 
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The special Study Sections have two 
major responsibilities: (1) to review appli- 
cations for research grants in their respec- 
tive fields, approving them, suggesting 
changes or further study, or disapproving 
them and forwarding their recommenda- 
tions to the appropriate National Advisory 
Councils; and (2) as scientific leaders, to 
survey the status of research in their fields 
in order to call attention to neglected areas 
in which research is particularly lacking, 
and to stimulate the interest of workers 
competent to undertake ‘needed research. 

The Gerontology Study Section was 
formed in November, 1946, and includes 
the following members: Henry S. Simms, 
Columbia University, Chairman; Nathan 
W. Shock, National Institute of Health, 
Executive Secretary; Max A. Goldzieher, 
104 East 40th Street, New York; Roy G. 
Hoskins, 25 Shattuck Street, Boston; Oscar 
J. Kaplan, San Diego State College; Clive 
M. McCay, Cornell University Agricultural 
Experiment Station; Wm. deB. MacNider, 
Universiiy of North Carolina; Robert A. 
Moore, Washington University School of 
Medicine; Frank Fremont-Smith, Josiah 
Macy Jr. Foundation; Capt. G. B. Tayloe 
(MC) U.S. Navy. Meetings of the Geron- 
tology Study Section were held in Novem- 
ber, 1946, February, 1947, and May, 1947. 
During the fiscal year 1946-1947 eleven 
research projects in Gerontology were 
recommended by the Study Section and 
approved by the National Advisory Health 
Council. These grants-in-aid totalled 
$239,635.80 and were made to seven insti- 
tutions. 


“Study of the Process of Aging,” Dr. S. 
Simms, College of Physicians and Sur- 
geons, Columbia University. This grant 
provides funds: (1) for expansion of an 
animal colony that has already been estab- 
lished for maintaining rats and mice under 
carefully standardized conditions of diet, 
temperature, humidity, and _ lighting 


throughout their life span; and (2) for the 
study of atherosclerosis by means of tissue 
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culture methods. Anticipated duration of 
the experiment is ten years. 

“Physiologic Studies of Aging in Rela- 
tion to Diet and to Susceptibility to Ad- 
verse Environmental Factors,” Dr. J. T. 
King and Dr. M. B. Visscher, University 
of Minnesota. These investigators plan to 
extend the work on increasing the life span 
of mice by restriction of dietary intake with 
respect to total calories and to study the 
endocrine mechanisms involved in the sex- 
ual sterility observed in animals on re- 
stricted diets. It is also planned to investi- 
gate the effect of sex hormones on longevity 
in mice. Anticipated duration of the experi- 
ment is five years. 

“Research on Aging,” Dr. Clive M. 
McCay and Dr. H. S. Liddell, New York 
State College of Agriculture at Cornell 
University, Ithaca, New York. This grant 
will provide for expansion of the pioneer 
work done in this laboratory on the in- 
fluence of diet restriction (total caloric 
intake) on longevity in rats. The new 
studies will include observations on: (1) 
changes of bone and teeth in aging, (2) 
utilization of nutrients such as calcium, 
(3) changes in the circulation, blood pres- 
sure, and kidney function, (4) general 
pathology, and (5) psychologic variables 
such as emotional characteristics and 
learning ability. It is also planned to extend 
these observations to include pure breeds 
of registered dogs, since many observations 
can be made on dogs that are difficult or 
impossible on rats. Drs. McCay and Liddell 
hope to enlist the aid of other investigators 
outside of their own laboratories in making 
every possible use of their animals in ac- 
cordance with their past policy of making 
similar use of their aging rats. The antici- 
pated duration of the study is fifteen 
years. 

“Role of the General Adaptation Syn- 
drome in the Pr-zess of Aging,’ Dr. Hans 
Selye, Univers.cy of Montreal, Montreal, 
Canada. The principal object of this inves- 
tigation is to study the factors influencing 
tissue resistance and degenerative changes 
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in the tissues which occur under the in- 
fluence of the general adaptation syndrome 
elicited by continued exposure to stress, 
anterior lobe extracts, or desoxycorticos- 
terone overdosage. Dr. Selye believes that 
these tissue changes are essentially similar 
to those which occur as a result of aging 
and that the factors capable of counter- 
acting such changes may also be effective in 
delaying the phenomena of aging. The 
experiments will first be performed on rats. 
When suggestive results are obtained, it is 
planned to repeat the work on monkeys in 
order to determine whether the results are 
likely to be applicable to man. The antici- 
pated duration of the study is two years. 

“Variation in Steroid Hormone Excre- 
tion with Age,” Dr. Gregory Pincus, 
Worcester Foundation for Experimental 
Biology, Shrewsbury, Massachusetts. The 
investigator plans to collect urine speci- 
mens from normal healthy men and women 
of various ages for estimation of the daily 
excretion of : (1) keto-steroids, (2) non- 
ketonic steroids, (3) androgens, (4) cortico- 
steroids, and (5) estrogens. Variations in 
the excretion rates for the different decades 
of life will be analyzed as well as the rela- 
tionship of variations to such factors as the 
occupation, weight, and general physical 
condition of the subjects. These data 
should provide a basis for comparing the 
aging process in the endocrine organs. The 
anticipated duration of the project is three 
years. 

“Studies on the Relation of the Adrenal 
Cortex to Hypertensive Vascular Disease,” 
Dr. Robert E. Loeb and Dr. George A. 
Perera, Columbia University, College of 
Physicians and Surgeons, New York. The 
investigators plan to study: (1) the effects 
of steroid administration in animals, in 
normal and hypertensive patients, (2) the 
disturbance of sodium metabolism in hy- 
pertension, and (3) further effects of rigid 
sodium restriction in patients with hyper- 
tension. The anticipated duration of the 
study is three years. 

“Age Changes in Hair (from Birth to 
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Maturity),”” Dr. Mildred Trotter, Wash- 
ington University School of Medicine, St. 
Louis. Dr. Trotter has available samples of 
head hair which have been collected from 
the same 16 subjects at monthly intervals 
from birth for as long as 16 years. This 
grant provides assistance for the examina- 
tion of these samples in order to determine 
those structural features which may change 
with age and those which may be perma- 
nent. The anticipated duration of the study 
is two years. 

“Cellular Calcium Metabolism in Age- 
ing,” Dr. Albert I. Lansing, Washington 
University School of Medicine, St. Louis. 
This program of study is based on a tech- 
nique previously developed by Dr. Lansing 
which employs the rotifer as the experi- 
mental animal. It has been shown that in 
the rotifer experimental reduction in intra- 
cellular calcium results in a marked increase 
in longevity. The chief aim of this project 
is a biochemical analysis of the mechanism 
of binding of calcium to organic substances 
and its change with age. The experimental 
work will be carried out on the rotifer, 
which is of great value in aging studies 
since its total life span ranges in various 
species from 8 to 30 days; it reproduces 
parthenogenetically, so there is genetic 
constancy; and environmental factors can 
be closely regulated. The anticipated dura- 
tion of the study is five years. 

‘Psychosomatic Reactions to Stress as a 
Function of Age,” Dr. Gregory Pincus, 
Worcester Foundation for Experimental 
Biology, Shrewsbury, Massachusetts. The 
purpose of this study is to determine the 
effect of the aging process on the ability of 
the individual to handle situations which 
are stressful at both the physiologic and 
psychologic levels. It is planned to study a 
total of 120 normal male subjects and 120 
psychotic subjects (patients of the Worces- 
ter State Hospital) evenly distributed 
throughout the age decades from 20 to 90 
years. Psychotic subjects will be used be- 
cause of their availability in large numbers 
and because their emotional disturbances 
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provide endogenous stress situations of 
psychologic origins. The anticipated dura- 
tion of the study is three years. 

“The Role of the Hepato-Renal Vaso- 
tropic Principles in Relation to Age with 
Special Reference to the Peripheral Blood 
Vessels,” Dr. Ephraim Shorr, Cornell 
University Medical College, New York. 
Work in this laboratory during the past 
four years has involved the existence of 
two vasotropic principles which constitute 
a hemostatic system for the regulation of 
blood flow and blood pressure. One , a vaso 
depressor, is of hepatic origin; the other, a 
vaso excitor, is of renal origin. The present 
grant provides for an extension of this work 
to explore the relationship between the 
age of the animal and this hepato-renal 
mechanism for the production and inacti- 
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vation of the vasotropic principles as well 
as the influence of the age of the animal on 
the reaction of the vascular bed to these 
vasotropic principles. Both rats and dogs 
will be used as experimental animals for 
these studies. The anticipated duration of 
this study is five years. 


These projects have been recommended 


by the Gerontology Study Section and by’ 


the National Advisory Health Council. It is 
anticipated that funds will be appropriated 
by the Congress to permit payments on 
these grants to be made for the fiscal year 
July, 1947, to June 30, 1948. 
N. W. SuHock, Pu.D. 
Executive Secretary 
Gerontology Study Section 
U. S. Public Health Service 
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LEGAL ASPECTS 


The following are extracts from the bulletins on state legislation, health and welfare, of 
the Social Security Board. Errors may occur in both bill numbers and titles. 


ALABAMA 


Excerpts from message of Hon. James. E. 
Folsom, Governor of Alabama, May 8, 
1947—“*.. . Your committee which con- 
sidered the welfare needs of our State 
recommended an old age assistance pay- 
ment of $45 per month. I am in complete 
agreement that our aged cannot survive on 
less than that in these times... 

“Today, the amount of food, clothing, 
and shelter which a welfare check will 
provide our old people is less than it was 
five years ago... 

“T am recommending $45 a month for our 
old people who can qualify under the state- 
federal system of old age security. This will 
bring the farmer, small business man, and 
professional man under the social security 
act. This great group of our citizens are 
today unprotected. No person knows what 
his financial condition will be when he 
reaches the age of 65. The program which I 
am presenting to you today will, I am con- 
fident, make it possible for us to reach this 


ARKANSAS 


Old Age and Disability Grants—H. 281 
(Substitute for H. 262). Makes appro- 
priations from Public Welfare Fund of 
$1,000,000 for each of next two fiscal years, 
“for increasing the amount of funds avail- 
able to pay old age and disability grants’; 
appropriates $1,500,000 annually or next 
biennium from federal funds which may be 
allocated hereafter to old age assistance, 
and aid for dependent children, crippled 
children, and the blind accounts; this 
money to be in addition to appropriations 
for “carrying out the duties of the State 
Department of Public Welfare.” Vetoed 
March 28. 


DELAWARE 


S. 377. Provides for the construction of 
additional facilities at the State Welfare 
Home at Smyrna, making an appropriation 
to the State Old Age Welfare Commission 
for such additional facilities, and authorizes 
the State of Delaware <o borrow money and 
issue bonds. Introduced February 28. 


ILLINOIS 


H. 283. Provides for the licensing and 
regulation of public and private hospitals 
and sanitariums, maternity hospitals, lying- 
in homes, nursing homes, boarding houses, 
and other institutions and places providing 
hospitalization for inpatient or nursing care 
for persons. Introduced May 12 and re- 
ferred to Public Aid Committee. 

H. 318. Payments may be made for 
chiropractic and osteopathic treatment of 
old age pensioners.. Introduced March 18 
and referred to Personnel Committee. 


MASSACHUSETTS 


H. 1870 and H. 1871 (New Drafts of S. 
10). Relates to the regulation of certain 
hospitals, sanatoria, convalescent, and 
nursing homes by the Department of Pub- 
lic Health. Introduced March’ 19 and re- 
ferred to Ways and Means Committee. 


MINNESOTA 


S. 1095 (Same as H. 1235). Provides for 
care of senile persons outside of public 
institutions because of over-crowding of 
such institutions. Introduced March 20 
and referred to Public Institutions Com- 
mittee. | 

HCR. 14. Memorializes Congress re- 
questing payment of medical care rendered 
recipients of old age assistance. Introduced 
February 17 and referred to Health Com- 
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mittee. Passed House March 28. Passed 
Senate April 16. 


NEW JERSEY 


A. 28. Permits the granting of old age 
assistance to persons residing in religious 
or charitable homes, hospitals, etc. Intro- 
duced March 17 and referred to Institutions 
and Agriculture Committee. 


NEW YORK 


S. 1364. Provides old age assistance dis- 
trict or public welfare district which pro- 
vides temporary care in hospitals for re- 
cipient of old age assistance, assistance to 
blind, or aid to dependent children shall not 
charge back cost to another district. Intro- 
duced February 11 and referred to Relief 
and Welfare Committee. 

S. 1825. Provides for state reimburse- 
ment to municipalities and public welfare 
districts of 80 per cent of expenses for 
institutional care for adults’ home relief, 
work relief, medical and hospital care, old 
age assistance, assistance to blind, aid to 
dependent children, and child welfare serv- 
ices. Introduced February 19, and re- 
ferred to Finance Committee. 


OHIO 


H. 251. Authorizes payment of $200 
medical allowance per year directly to the 
old age pensioners. Introduced February 10 
and reported with amendment in House 
April 22. 
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H. 290. Authorizes payment of old age 
pensions to inmates of public institutions, 
except penal or correctional. Introduced 
February 10. 

H. 339. Removes $50 a month maximum 
old age pension award; abolishes medical 
care allowance. Introduced February 10. 


OKLAHOMA 


Old age Assistance—S. 91. Authorizes 
transfer of certain people to the old age 
assistance program. Approved March 27. 


PENNSYLVANIA 


S. 276. Further amends third paragraph 
of Section 103 of Act of 1923, P. L. 998, 
the Mental Health Act, by excluding 
senility without psychosis from definition 
of mental illness, mental disease, and men- 
tal defective. Introduced March 10 and 
referred to Public Health Committee. 


VERMONT 


H. 238. Provides for licensing of homes 
for the aged, the juvenile, and the infirm. 
Introduced February 27 and referred to 
Public Health Committee. 


WISCONSIN 


S. 372. Creates 146.30 of the statutes, 
relating to the accrediting and inspection 
of nursing homes, convalescent homes and 
homes for the aged. Introduced February 
27 and referred to Education and Public 
Welfare Committee. 
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THE ELECTROCARDIOGRAPHIC CHANGES 
IN THE AGING HEART 


Several reports have appeared in the 
literature dealing with the electrocardio- 
graphic changes in the aging heart. The 
early workers were not so concerned with 
relating their findings to aging as they were 
with recording the changes observed. One 
of the earliest investigations is that of 
Willius (American Journal of the Medical 
Sciences, 182: 1, 1931) who studied the 
electrocardiograms taken in the Mayo 
Clinic on 700 patients 75 years of age or 
older. His results were presented by con- 
sidering the electrocardiographic changes 
present in patients with and without heart 
disease. Later, Gelman and Brown (Acta 
medica Scandinavica, 19: 541, 1937) re- 
ported the electrocardiographic findings in 
60 patients over 60 years of age without 
infectious, inflammatory, or progressively 
degenerative changes. 

Studies of this type do not furnish data 
from which a satisfactory correlation can be 
made between the findings observed and 
their respective causes. Consequently, the 
electrocardiographic findings cannot be 
attributed to specific physiologic or patho- 
logic changes; and, therefore, contribute in 
a rather limited way to our knowledge of 
the aging process. Furthermore, no con- 
clusion can be drawn as to what is normal 
for a particular age. 

The problem of what is normal and ab- 
normal should be considered in the study 
of physiologic functions with age. Many 


attempts have been made to define normal 
for various cardiovascular functions, but 
as yet there is no unanimity of opinion as 
to what is normal, particularly in the older 
age groups. With regard to the cardio- 
vascular system there is a special problem 
because certain conditions such as arterio- 
sclerosis lead to changes often regarded as 
evidence of aging. This is particularly true 
in the study of electrocardiographic changes 
because coronary arteriosclerosis may pro- 
duce changes similar to those expected 
with senescence. 

Investigators are becoming more aware 
of the difficulties encountered in deter- 
mining the normal range of electrocardio- 
graphic findings for a particular age. This is 
evident from the attempts of workers to 
exclude from their studies patients with 
cardiovascular disease and other conditions 
which will produce electrocardiographic 
abnormalities. 

Levitt (American Heart Journal, 18: 
692, 1938) obtained histories, physical ex- 
aminations, and urine analyses in order to 
exclude cases with cardiac disease. He 
studied 100 subjects 71 years of age or 
older. Eliaser and Kondo (Archives of In- 
ternal Medicine, 67: 638, 1941) selected 
100 individuals over 70 years of age by 
history and physical examination. A more 
extensive study of electrocardiographic 
changes in elderly patients was made by 
Fox and associates ces of Internal 
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Medicine, 17: 236, 1942). They obtained 
histories, physical and fluoroscopic ex- 
aminations, and serologic tests for syphilis 
to select 300 men and women who were 
over 60 years of age and presumably free 
from cardiovascular disease. However, clini- 
cal observations made over a period of three 
months on these individuals revealed 35 
cases of congestive heart failure. 

More carefully controlled experiments by 
Larsen and Skulason (American Heart 
Journal, 22: 625, 1941) were conducted on 
100 subjects 30 to 50 years of age. In these 
studies a history, physical examination, 
chest plate, Wassermann, sedimentation 
rate, and hemoglobin analysis were ob- 
tained. Although attempts were made to 
exclude cases with cardiovascular disease, 
most workers stated that peripheral arterio- 
sclerosis is present in a high percentage of 
the cases studied. 

In view of the evidence of Sappington 
and Cook (American Journal of the Medical 
Sciences, 192: 822, 1936) that the degree of 
coronary arteriosclerosis is considerably 
greater than peripheral sclerosis in many 
patients, the problem of distinguishing 
electrocardiographic changes resulting from 
coronary artery disease from those due to 
aging becomes difficult. 

Among the electrocardiographic changes 
reported in the studies of elderly people, 
conduction disturbances were common. 
Eliaser and Kondo found first degree heart 
block in 40 per cent, incomplete bundle 
branch block in 6 per cent, and right 
bundle branch block in 6 per cent; left 
bundle branch block was not observed. 
These individuals were free from cardio- 
vascular and renal disease as far as could 
be determined by history and physical ex- 
amination. A lower incidence of conduc- 
tion disturbances occurred in the cases of 
Fox and associates, but they studied their 
subjects by fluoroscopy in order to exclude 
cases with cardiac disease. 

Arrhythmias constituted another group 
of abnormalities. Ventricular premature 
beats were the most common type of pre- 
mature contraction, and they were present 


in 7 to 18 per cent of the subjects, depend} year- 
ing upon how the cases were selected foi elect 


study by different investigators. Auric 
fibrillation occurred in 3 per cent of 
Eliaser and Kondo’s subjects and in 4 per 
cent of the cases of Fox. Sinus arrhythmia 
appeared much less frequently in the olde 
individuals than in the younger adults 
There were several indications of my 
cardial damage. For instance, low and in 
verted T waves were often present in a 
least lead I of the standard leads and ix 
lead CF;. A Q;T; pattern occurred in 5 per 
cent of the cases of Eliaser and Kondo, 
There was ST segment displacement in 
either direction. Notching and slurring 
the QRS complex was common. When the 
changes were analyzed to determine the 
incidence of myocardial damage, it was 
found to vary from 25 per cent in the cases 
of Warnecke (Zeitschrift fiir Kreislauf. 
forschung, 31: 391, 1939) to 46 per cent i 
the subjects of Taran and Kaye (Annals o} 
Internal Medicine, 20: 954, 1944). | 
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increasing age. Several investigators found 
left axis deviation in 50 to 70 per cent 
their subjects. This change in the lcd 
axis of the heart may be the result of le 
ventricular enlargement, of the assumptiot 
of a transverse position by the heart, or ol 


both. The percentage of individuals with i 


abnormal electrocardiograms ranged from 
26 per cent (Levitt) to 85 per cent (Eliaser 
and Kondo). Such a wide range in the in- 
cidence of abnormal records is probably the 
result of the way the cases were selected for 
study and of the definition used for ab- 
normal. 

From these studies it can be concluded 
that electrocardiographic changes com 
sidered abnormal for young adults aré 
greater in incidence in old age. It is no 
possible to state what changes can be con 
sidered within normal limits for a certai 
age decade. Information of this kind would 
be very useful to both physiologists and 
clinicians. For instance, if the normal find 
ings for each age group were known, i 
would be possible to state whether a 71 
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pend) year-old man has a heart which is, at least 


2d fo 


electrocardiographically, 60 or 80 years of 
age. 

There are at least two approaches to this 
problem. First, the sampling problem could 
be met by taking electrocardiograms on 
several hundred subjects from different 
social and economic groups at each age 
level so that these cases would be a random 
sample of the general population. From 
this data normality for the various com- 
ponents or combinations of components of 
the electrocardiogram could be established. 

The other type of study could be one in 
which as many as possible of the innumer- 
able conditions producing electrocardio- 
graphic changes are excluded. Drugs, myo- 
cardial infections, generalized infections, 
uremia, avitaminoses, acidosis, alkalosis, 
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anoxemia, the posture of the patient, hypo- 
thyroidism, hyperthyroidism, anemia, and 
other miscellaneous conditions all may pro- 
duce ST segment displacement and T wave 
changes in the electrocardiogram. 

If patients with such aforementioned 
conditions were not included in the series of 
cases selected for study, coronary arterio- 
sclerosis would be an explanation for some 
of the changes observed in the electro- 
cardiogram. The degree of pathologic 
change in the coronary vessels could be 
estimated post mortem. If there were 
electrocardiographic changes not referable 
to a demonstrable pathologic condition or 
experimental conditions, such as the pos- 
ture of the patient, these findings might be 
considered as the result of aging. 

JAMEs O. Davis 


THYROID HORMONE AND THE KIDNEY 


It is appropriate that attention be 


: focussed on endocrine aspects of the kidney, 


since the work of Lewis and Alving (Ameri- 
can Journal of Physiology, 123: 500-515, 
1938), Shock (Geriatrics, 1 : 232-239, 1946), 
and further studies carried out in the labo- 
ratory of the National Institute of Health 
indicate a marked fall in urea clearance, 
inulin clearance, diodrast clearance, and 
diodrast functional tubular mass (Tm) with 
age. 

If certain objections to the commonly 
accepted interpretations of these measure- 
ments are overlooked, then these results 
show a fall in glomerular filtration rate, in 
effective renal blood flow, and in maximum 
tubular excretory capacity for diodrast 
unrelated to changes in body size or surface 
area. Whether this disproportionate drop 
in these functions is reflected in other 
physiologic changes in senescence or 
whether these changes represent a mere 
loss of reserve capacity is not yet known. It 
is possible, however, that an improvement 
in these functions may have a beneficial 
effect upon the functional status of the rest 
of the organism. 


Recent interest has been shown in the 
renal effects of androgens, anterior pi- 
tuitary extracts, desoxycorticosterone, and 
thyroxin. Thyroid was the first endocrine 
shown to influence the kidney weight. In 
1916 Hoskins (Journal of Experimental 
Zodlogy, 21: 295-346, 1916) found marked 
increase in weights of the kidneys of albino 
rats fed thyroid extract ranging from 30 
to 50 per cent in adult males and females. 
The hearts showed a comparable increase, 
but the livers, the spleens, and the adrenals 
increased less markedly in weight. This 
effect was confirmed by Hewitt (Quarterly 
Journal of Experimental Physiology, 13: 
347-354, 1920), Cameron and Carmichael 
(Journal of Biological Chemistry, 45: 69- 
100, 1920), Sciaky (Annales d’anatomie 
pathologique et d’anatomie normale médi- 
co-chirurgicale, 15: 165-199, 1933), Walter 
and Addis (Journal of Experimental Medi- 
cine, 69: 467—483, 1939), and others. 

In 1941 Korenchevsky (Biochemical 
Journal, 35: 726-735, 1941) reported that 
ovariectomized rats on 30 to 40 mg. of 
thyroid extract three times weekly showed 
a significant increase in the kidney weight, 
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whereas castrate rats on a similar regime 
had no such response. Larger doses in- 
creased the kidney weights of both groups 
proportionally. More recently Selye (Ca- 
nadian Medical Association Journal, 52: 
573-582, 1945) reported an increase of 55 
per cent in the kidney weight to the body 
weight ratios of castrated male, unilater- 
ally-nephrectomized, hooded rats receiving 
200 gamma of thyroxin per day. Rats not 
unilaterally-nephrectomized those 
maintained on a high sodium chloride in- 
take showed increases of about 25 per cent. 

These changes in the kidney size do not 
indicate whether there is a true hyper- 
trophy of the renal parenchyma or merely 
an increase in water content. The histo- 
logic picture resulting from thyroid ad- 
ministration, according to Korenchevsky 
(Journal of Pathology and Bacteriology, 
56: 543-553, 1944), is hypertrophy of the 
renal tubule cells without significant in- 
crease in the number of mitoses. The cyto- 
plasm and nuclei of the tubular epithelium 
as well as the tubular lumina were signifi- 
cantly enlarged. 

In later studies (Journal of Gerontology, 
1: 336-344, 1946), Jones and Korenchevsky 
made further quantitative studies on his- 
tologic changes produced by thyroid on 
ovariectomized rats by weighing paper 
replicas of cells and nuclei. The influence of 
thyroid on changes produced by andfos- 
terone and estradiol were also studied. 
Although there was hypertrophy without 
hyperplasia of tubular epithelium with 


thyroid, estradiol, or androsterone when 


given singly, the effect of thyroid on 
estradiol administration was to produce 
significantly increased numbers of mitoses. 
When given with androsterone, thyroid 
had no effect on mitoses. 

In this respect, Selye (loc. cit.) confirmed 
the kidney growth-stimulating action of 
thyroxin and, without giving quantitative 
data, reported a significant increase in the 
diameter of the glomeruli and hyperplasia 
as well as hypertrophy of the tubules. Ex- 
cessive mitotic proliferation occurred when 
thyroid was added to hypophyseal extracts 


and methyl testosterone. 

Histologically, then, it appears that 
while thyroid alone may have little or no 
effect on hyperplasia of renal parenchyma, 
when given in combination with other hor- 
mones under experimental conditions, hy- 
perplasia as well as cellular hypertrophy 
may result. 

Since structure is not always indicative 
of functional ability, it is obvious that some 
measure of physiologic activity of these 
kidneys would be of great interest. A few 
such studies have been made. Heinbecker, 
Rolf and White (American Journal of 
Physiology, 139: 543-549, 1943) found no 
change in diodrast clearance, a slight in- 
crease (110 to 121 cc. per minute) in inulin 
clearance, and a 50 per cent increase in 
diodrast Tm in six experiments on three 
normal dogs after thyroid extract admin- 
istration. Hypophysectomy lowered dio- 
drast clearance from 279 to 124 cc. per 
minute. After giving thyroid extract, this 
value returned to 211 cc. Inulin clearance 
was also lowered by hypophysectomy and 
partially compensated by thyroid extract. 
The most marked effect was on diodrast 
Tm which was reduced from 14.8 to 2.4 cc. 
by partial hypophysectomy, and returned 
to 11.1 cc. after administration of thyroid 
extract. 

Eiler (American Journal of Physiology, 
140: 699-707, 1944) studied three dogs 
given thyroxin and thyroid substance for 
varying lengths of time and after giving 
thyroxin noted an increase in creatinine 
clearance varying from 21 to 45 per cent, 
depending on the duration of the experi- 
ment. The mean percentage increases in 
glucose Tm for the three dogs were 40, 29, 
and 56 respectively, and increases of 48 and 
115 per cent were found in diodrast Tm in 
two dogs. 

These data do not necessarily conflict 
with the results of Heinbecker because the 
duration of experiments and dosages used 
were different and it seems probable that 
glomerular filtration rate and renal blood 
flow may be increased by adequate doses 
of thyroxin. This effect may be secondary 
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to an increased cardiac output. The major 
known functional effects of thyroxin on the 
kidney, however, are on energy transport 
mechanisms which carry glucose and dio- 
drast across the tubular epithelium. 

These studies, covering a period of 
thirty years, show that the effects of thy- 
roid hormone on the function of the kidney 
are both structurally and functionally in 
agreement with the concept of an increase 
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in tubular capacity through an energy 
transport system or systems, the com- 
ponents of which are still under investiga- 
tion. Whether the breakdown of these 
systems plays an important part in the 
process of aging or is merely one of the end 
results of the process requires further in- 
vestigation. 
DEAN F. Davies 


VIBRATORY SENSITIVITY IN THE AGED 


Impairment of the special senses such as 
vision and hearing is important because it 
may directly affect the individual’s ability 
to adjust to his environment. In contrast, 
impairment of the ability to perceive vibra- 
tion is not a serious loss to the individual. 
However, impaired perception of vibration 
in later life may reflect changes in certain 
important bodily functions and for that 
reason interest in this sense modality in the 
aged is justified. 

The receptors which mediate vibratory 
sensitivity have not been determined with 
certainty; they have been attributed to 
such diverse areas as bone, periosteum, and 
skin (Geldard, Journal of General Psychol- 
ogy, 22: 243-269, 1940). Despite this 
ambiguity of the sense organs involved in 
vibration, the decline of ability to perceive 
vibration in later years seems well estab- 
lished. 

Pearson reported that vibratory sensitiv- 
ity is impaired after fifty years (Archives of 
Neurology and Psychiatry, 20: 482-496, 
1928). He interpreted his finding as a 
reflection of an inadequate blood supply to 
the spinal cord with subsequent damage to 
the nerve tracts. His measurements were 
made with a tuning fork placed on bony 
prominances of the limbs. The subjects re- 
ported the time at which they could no 
longer perceive the vibrating fork. The in- 
terval between the time the tuning fork 
was struck and placed on the limb to the 
time the subject reported cessation of 


vibration was measured with a stop watch. 
Five or more repeat measurements were 
made on several places on 72 individuals 
between the ages of 10 and 90 years. __ 

Newman and Corbin also found de- 
creased vibratory sensitivity in later life 
(Proceedings of Experimental Biology and 
Medicine, 35: 273-276, 1936). They meas- 
ured intensity thresholds with an improved 
technique employing an iron bar placed in a 
60 cycle electromagnetic field of variable 
strength. Their results on 125 subjects 
between the ages of 10 and 80 years in- 
dicate a marked decrease in sensitivity 
after the decade 40 to 50 years. Newman 
and Corbin, in accord with Pearson, in- 
terpret their findings as a reflection of 
damage to spinal nerve tracts. Their con- 
clusion rests upon the evidence that there 
is a decline in the number of myelinated 
fibers in the spinal roots in later life. 

The conclusions of Pearson, and New- 
man and Corbin do not take into account 
the possibility that impaired vibratory 
sensitivity may result from changes in the 
sensory receptors themselves. There are 
several investigations which make plausible 
the hypothesis that interference with pe- 
ripheral blood flow will be reflected in im- 
paired vibratory sensitivity. 

Gilmer reported that arteriovenous anas- 
tomoses are concentrated under spots 
sensitive to vibration, as demonstrated by 
biopsies of sites of known sensitivity 
(Gilmer and Haythorn, Archives of Neu- 
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rology and Psychiatry 46: 621-648, 1941). 
He also suggested indirect evidence that 
vibratory sensitivity is linked with the 
peripheral vascular system by pointing out 
that arteriovenous anastomoses are most 
numerous in the fingers and toes, the areas 
most sensitive to vibration. This relation is 
further substantiated by the results of 
Weitz, who showed that vibratory thresh- 
olds are a function of skin temperature, 
(Journal of Experimental Psychology, 28: 
21-36, 1941). 

Generally, impairment of vibratory sensi- 
tivity in the aged has been attributed to 
changes in circulation. The recent finding 
that thiamine deficiency in the aged results 
in impairment of vibratory sensitivity 
suggests that dietary factors may also 
influence vibratory thresholds (Horwitt, 
Liebert, Kreisler, and Wittman, Science, 
104: 407-408, 1946). 

Technical improvements in apparatus 
now make it possible to express vibratory 
thresholds in terms of frequency and am- 
plitude so that results of different investi- 
gators can be directly compared (Yacor- 
zynski and Brown, Journal of Experi- 
mental Psychology 28: 509-516, 1941). 
Eliminated from the newer techniques are 
errors in the threshold measurement that 
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result from variation in the force with 
which a tuning fork is struck and the timing 
error of the subject and investigator. 

Yet to be controlled in most studies is 
the pressure with which a vibrating probe 
is applied to the body. With greater pres- 
sure an increased volume of tissue is 
affected and accordingly a greater number 
of sensory endings are stimulated. Reason- 
ably reliable results should be obtained if a 
probe of fixed size is vibrated at a known 
frequency and amplitude and applied at a 
fixed pressure to the skin of the subject. 
Sources of unmeasured variation remain in 
the differences in skin which occur with 
aging. 

Although vibratory sensitivity declines 
significantly in later life, the interpretation 
of this impairment is still not settled. With 
continued improvement in apparatus and 
the increased scope of subjects measured 
under a variety of conditions, the usefulness 
of vibratory thresholds as an index to 
important bodily functions may be ap- 
praised. If wider ranges of frequencies are 
used in experimental investigations, a 
differential effect of aging upon higher fre- 
quencies may be found similar to that ob- 
served in audition. 

JAMES E. BIRREN 
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BIOLOGICAL 
NCES 


BOOKS 


THE ADVANTAGES OF OLD AGE 


YOU ARE YOUNGER THAN YOU 
THINK, Martin Gumpert, Duell, Sloan 
and Pearce, New York, 1944, $2.75, 244 
pages. 

You Are Younger than You Think ap- 
pears to be the most restrained of a number 
of volumes appearing in the last several 
years which, having little else to offer the 
aging and the aged, attempts to narcotize 
a natural abhorrence by eulogizing ques- 
tionable advantages of being old. Thus, in 
discussing senile pigmentation of ganglion 
cells of the brain, Dr. Gumpert makes the 
amazing statement: ““The young are never 
wise. Only a brain colored by the pigmenta- 
tion of old age will produce wisdom, that 
specific mixture of knowledge, experience, 
and contemplation which is the reaction of 
our intelligence to the vicissitudes of a long 
life.” 

And again, in evaluating normal old age, 
Dr. Gumpert euphorically states ‘There is 
no greater or more exciting adventure for 
two people in love than growing old to- 
gether. . . . And if sexual desire has ended 
for both of them, enough tenderness and 
attachment remain to make life worth 
while.” It is quite likely, nevertheless, that 
the majority of paired individuals would 
prefer to augment spiritual bonds with 
vigorous physical relation. 

You Are Younger than You Think is ex- 
pressly designed for the layman, and Dr. 
Gumpert has done a beautiful job of evalu- 
ating the current status of gerontology 
without talking down to the nonprofes- 
sional reader. From general consideration 
of the psychologic and soeiologic aspects of 
aging, the book progresses systematically 


from a thorough review of the biology of 
aging, longevity, and population problems 
into a conservative analysis of geriatrics. 
How to provide a normal old age is a major 
subject of discussion. A pessimistic view is 
taken of the likelihood of successful re- 
juvenation. Driesch’s experiments on in- 
vertebrates, the sexual stimulation work of 
Steinach and Voronoff, and in particular 
the work of Bogomolets on ACS receive 
careful consideration. 

Dr. Gumpert apparently has been deeply 
impressed by Bogomolets’ work since sev- 
eral pages are devoted to the Russian 
scientist’s life history and professional 
career. A chapter on “Social Problems of 
Aging” points out once again the impor- 
tance of keeping old people busy and of 
maintaining their sense of usefulness. 

Of particular value to the layman is the 
Appendix, which contains an extensive 
compilation and discussion of the various 
diseases and infirmities of senility. 

ALBERT I. LANSING 


HARVEY CUSHING, A BIOGRAPHY, 
John Fulton, Charles C Thomas, Spring- 
field, Illinois, 1946. $5.00, 754 pages. 


Few books of 754 pages can be read with- 
out the desire to skip at least a few pages 
here and there. Dr. Fulton’s biography of 
Harvey Cushing is one of those few. Based 
on a wealth of correspondence, the selection 
of material has been so expert that the 
character and accomplishments of Dr. 
Cushing are strikingly portrayed in a man- 
ner that holds the reader’s interest through- 
out. In fact, the author has effectively con- 
cealed his own identity in the presentation 
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to the extent that the book is Harvey 
Cushing rather than his biography. 

The book traces the development of Dr. 
Cushing from his early forebears through 
his medical training, scientific accomplish- 
ments, and literary pursuits to the final 
chapters of reactions to retirement. Much 
of the text is taken from letters written by 
Dr. Cushing to his parents, friends, and col- 
leagues, but the selection of the material 
has been so skillful that there is no sense of 
discontinuity. 

From this it must not be inferred that the 
book is an eulogy. The author has presented 
Dr. Cushing’s limitations as well as his 
strength. No effort is made to conceal some 
of the egocentric aspects of Dr. Cushing’s 
character, but this leaves the reader with a 
realization of his humanness. His desire for 
perfection in every detail of his accomplish- 
ments, whether it be drawing, surgery, or 
writing, stands out on every page. His de- 
sire to get things done and his indifference 
to the use of accepted channels of activity 
often brought him into conflict with estab- 
lished customs, sometimes to his discom- 
fort, but never without results. Few people 
can claim distinctive accomplishments in 
such a wide variety of fields as surgery, 
physiology: bacteriology, biography, his- 

tory, and art as can Dr. Cushing. Dr. Ful- 
ton has told the story of these accomplish- 
ments, not forgetting the’ human side— 
such as Dr. Cushing’s penchant for flam- 
boyant neckties. 

This book gives an understanding of the 
source of the loyalty and affection of Dr. 
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Cushing’s students and colleagues. It also 
offers interesting side-lights on the cultural 
pattern of Baltimore and Boston and shows 
how the mid-western spirit of Cushing was 
often in conflict with these patterns. 

The last part of the book will be of par- 
ticular interest to students of gerontology, 
since it shows how interests and accom- 
plishments change with age. Many of Dr. 
Cushing’s important contributions were 
made after his retirement from Harvard at 
the age of 63. In fact, at this age Cushing 
shifted a lifelong emphasis on the impor- 
tance of glandular changes mediated by tu- 
mors in the region of the pituitary body to 
the neural effects of tumors in the same 
area with effects mediated by the mid- 
brain. In other areas, such as compulsory 
health insurance or full-time appointments 
for clinical teachers in the medical school, 
he was unable to change attitudes of a life- 
time. Motor skills, in which his surgery ex- 
celled, seemed to fail while his skill in scien- 
tific and literary writing seemed to improve 
even after his second retirement from Yale 
at the age of 70. 

The book is well illustrated by carefully 
chosen photographs and Dr. Cushing’s own 
pen sketches. Dr. Fulton has wisely incor- 
porated into this book the Cushing device 
of writing individual headings for each page 
of text Expecially useful are the over-all 
dates on the left-hand page and Dr. Cush- 
ing’s age on the right. 

This biography can be read with profit 
by all students of medicine and gerontol- 
ogy. N. W. SHock. 
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